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PRASENTATIONEN

Time Topic/Research Unit

12:00 Introduction Eisenmenger-Sittner

Quantum Materials Biihler-Paschen
Computational Materials Science Held

12:50 Functional and Magnetic Materials Pustogow
13:10 Solid State Spectroscopy Constable

13:30 Correlations: Theory and Experiments Toschi
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Dipl - Chem. Anna Pimenov
Erasmus - Koordinatorin anna.pimenov@tuwien.ac.at

Koordination/ Beratung

Hauptanmeldung
1.2.-15.3.
Anmeldung zur Sprechstunde:

nicolas.weilguny@tuwien.ac.at
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* mit Erasmus+ kdnnen Studierende einen Teil ihres Studiums an Hochschulen in Programmlandern
absolvieren.

» die monatliche Férdersumme betragt zwischen 350 und 400 Euro.
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AG Held: Research topics

® computational materials science: DFT+DMFT

® quantum field theory: DI'A

® machine learning

® physics of strongly correlated electron systems:
thermoelectrics, solar cells, kinks, QCP,
heterostructures, quantum dots, n-tons ...




AG Held: Research topics

® computational materials science: DFT+DMFT
— VU computational materials science WS 21

® quantum field theory: DI'A
— VO Quantum field theory for many body systems SS 21

® machine learning
— VU machine learning in physics SS 22

® physics of strongly correlated electron systems:
thermoelectrics, solar cells, kinks, QCP,
heterostructures, quantum dots, n-tons ...




Two communities in solid state theory

LDA bandstructure many body theory
e material-specific, “ab initio” e electronic correlations
e often successful, quantitative e qualitative understanding
e effective one-particle approach | e model Hamiltonian
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LDA+DMEFT: realistic calculation of strongly correlated materials




Two communities in solid state theory

LDA bandstructure many body theory
+ e material-specific, “ab initio” e electronic correlations
e often successful, quantitative e qualitative understanding
— e effective one-particle approach | e model Hamiltonian
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Ab-initio Hamiltonian
(non-relativistic/Born-Oppenheimer approximation)




Ab-initio Hamiltonian
(non-relativistic/Born-Oppenheimer approximation)

kinetic energy lattice potential Coulomb interaction

SRR AT S

s TR E

2m€ dmeg |r; dmey |r; — 1y



Ab-initio Hamiltonian
(non-relativistic/Born-Oppenheimer approximation)

kinetic energy lattice potential Coulomb interaction
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Quantum Field Theory for Solids

Development of new methods

e.g. dynamical vertex approximation (DI'A), 1Pl functional

JJ
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e Magnons
e Quantum criticality

e High temperature superconductivity

ERC grant AbinitioDI'A
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nti-ton polaritons: quasiparticles that couple light and solid

2
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o
bk
B

A physics example

https://www.derstandard.at/story/2000114147291/wiener-
forscher-entdecken-bisher-unbekanntes-komplexes-quasiteilchen



A physics example: t-tons MI

Phys. Rev. Lett. 124,
047401 (2020)

excitons n-tons

0 k> 0 T k
k k k k
K k k k
k-k'~TT
excitons: 1 particle 1 hole nti-tons: 2 particle-hole pairs

coupled by Coulomb interaction coupled by AFM/CDW fluct.




A physics example: t-tons MI

Phys. Rev. Lett. 124,
047401 (2020)

excitons n-tons

0 k> 0 T k
K k k k’
k-k'~TT
excitons: 1 particle 1 hole nti-tons: 2 particle-hole pairs

coupled by Coulomb interaction coupled by AFM/CDW fluct.
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What is electronic correlations?

A general definition:

(A B)= (A)(B)

S

UNcorrelated electrons:

> time
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A general definition:
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The challenge of correlations:

The ,,Mikado” example:

Playing .... with correlations!




From a toy model ... to real life
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When is correlation important?
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Realistic Example

+2
Cu (A1, 3d1 La,CuO, ‘1‘
metal cuprate ceramic {[Ar

Band-theory prediction:

V good metal Ba S@ tion:
ood me

{[Ar], 3d', 4s™}

250 ;
T
200 unexpected
s X exiciting physics
— q, "
) 5 150 \
[0} b
5 = -
25% o 2
EGN - ) g' 100
= perfect matching o ®
; Band-theory =
: 50
8 vs. experiments i Superconductor
I‘ 4 &
91 69(1) 6°(1) 0
L r X K r 0.0 0.1 0.2 0.3

electronic valence band dispersions

[ F. Reinert et al. NJP 7, 97 (20095) |
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Fascinating physics:  3) quantum criTicaLTY

1) HIGH TEMPERATURE
SUPERCONDUCTIVITY
o B 2
2) MOTT TRANSITION J. Custers et al,, Nature (2003)
pressure¢ ———»
_ i i‘%ﬁ | 4) OPTICAL LATTICES
g [l i
g L e
5 -
2 200 structure
E antiferromagnetic

1 1 1 1 1 1 1 1 1
0.04 0.02 0 0.02 0.04 0.06
Cr doping Ti

McWhan et al, PRB (1973) M. Greiner et al., Nature (2008)
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Temporal Correlations : Magnetism

A B) = (A)(B) = <S5,(t)S,(t=0)>

U iron pnictides/chalcogenides .
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including
e-e interaction

https://www.tuwien.at/forschung/profil/energie-und-
umwelt/e-u-news/news/achtung-das-elektron-ist-zu-schnell

POoORNWDU O

t [fs] % C. Watzenbock, ..., & AT, Phys. Rev. Lett., 125 084402 (2020)



Temporal Correlations : Magnetism

A B) = (A)(B) = <S5,(t)S,(t=0)>
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Temporal Correlations: Quantum criticality
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T A Phase-Transition
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[A. Vock, ..., & AT,'in preparation (2021)]
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Suprises of strong correlations

[ https://www.tuwien.at/tu-wien/aktuelles/presseaussendungen/news/klebrige-elektronen-aus-abstossung-wird-anziehung ]

strong repulsion breakdown effective attraction

(s MK ) e usfa ion ['.. et R
% g i rtthegr;t/ sl )

local magnetic phase separation

moments

tg®

% M. Reitner, P. Chalupa, .... &AT, Phys. Reuv. Lett., 125 084402 (2020) 7
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Theory of Electronic Correlations &
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Ny

Materials

Properties:

TECCP

3d oxides (MnO, NiO, LaCo0O3, SrVOs, ...

4d and 5d oxides (Sr2IrO4, Naz2IrO3, StRu20e, ...

4f materials (Pr, Nd, Eu, Gd, Yb, ...)

Spectroscopies (photoemission, optics, x-ray, ...)

Magnetic (ordered states, susceptibility, g-factors)
Exotic ordering - exciton condensation

Intensity (arb.units)

Intensity (arb.units)

N
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I
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Core-level photoemission of NiO
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TECCP

Hubbard model + generalizations
MOde I S spin models

multi-component hard-core bosons

Properties: ~ Phase diagrams

Static and dynamical response functions

Exciton condensation in Hubbard model

A

T exciton i
condensate i

/

r'x‘ ™M T

exciton
normal state
E exciton condensate

Goldstone #2




TECCP

M e-l-h od S density functional theory (Wien2k)

construction of models (wien2wannier)
dynamical mean-field theory (DMFT)
impurity solvers (many-body)
Quantum Monte-Carlo
Exact diagonalization

Exp. Co L3-RIXS Dynamical mean-field theory for hard-core bosons

q(m T=20K
T(b) T=70K

Energy (eV)

Energy (eV)

Energy (eV)

aunjesrddwa]

Intensity (Nom.)

Energy (eV)

(c) T=150K
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Energy Loss (eV) 00

Energy (eV)
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— 1.) synthesis &
characterization

S

Three key elements
of the
conducted research!

2.) application of
various
experimental methods

3.) conceptual

- understanding




1.) synthesis & characterization

e The “holy Grail”: high-Tc superconducting cuprates

(La,Ba),CuO, HgBa,CuO,,s; YBa,Cu;0, ;s Bi,Sr,CaCu,04Tl,Ba,Ca,Cu;0,,

Synthesis Vigilant characterization
X.Zhao et al., Adv. Mater. 18, 3243 (2006) N. BariSic¢ et al., Nat. Phys. 9, 761 (2013)

e New lab for the syntesis of single crystals

-) Topological insulators: BiSbTe,S, BiSbTeSe, Pb;,5n,Se
-) Dirac semimetals: PbSnSe, ZrSiS, ZrSiSe, ZrSiTe, HfSiS, Cd;As,

-) Weyl semimetals: TaAs, TaP, NbAs, NbP
-) Magnetically ordered systems




2.) application of various experimental methods

e Novel Experimental tools
e “In-house” experimental work:

»Magnetic susceptibility

» Transport

(temperature range: 1.5-1200K,
high pressure: up to 3Gpa, and magnetic field)

» Microwaves (contactless)

»Nonlinear conductivity
e Presence at large user facilities

> XPS
» Optical conductivity meas. 5a WXV
(large temperature (5 — 300 K) and DESY
European XFEL = pwanm) HZB
; -1 )
frequency range (15 - 25 000 cm™), I 2290 PTB
pressures up to 2.7GPa SOLEIL “ -

FELIX HZDR

» X-ray (Laue, XRD)

ESRF
PSI

ALBA 4j

Elettra Synchrotron Trieste

INFN




3.) conceptual understanding

» application of existing concepts and theories
(Fermi-liquid, percolations,

effective medium approximation...)

» adapting them to novel problems

(arcs, gradual localization ...)

» outlining novel theoretical perspectives

(novel mechanism for SC)

» Understanding of observed behaviors
» Reaching the overall picture
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« E138-03 Funktionelle und Magnetische Materialien
» Elektronische Korrelationen

» Forschungsthemen
» Mott Isolatoren und ,schlechte Metalle*
» Geometrische Frustration und Quanten-Spin-Flissigkeiten

» Unkonventionelle Supraleitung

* Experimentelle Messmethoden

» Optische Spektroskopie

Pustogow Spectroscopy Lab

1 0 ‘ O » Kernspinresonanz (Nuclear Magnetic Resonance — NMR)
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SCIENCE
More Is Different

4 August 1972, Volume 177, Number 4047

Broken symmetry and the nature of
the hierarchical structure of science.

P. W. Anderson

Emergenz
Das System ist mehr als die
Summe seiner Einzelteile

2019-11-13 Andrej Pustogow

Hochenergie-Physik
Elementarteilchen mit
Eigenschaften laut Standardmodell

(Ladung, Spin, Masse, ...)

Festkorperphysik
- kollektive Effekte/Ordnung
- niedrig-energetische Anregungen
durch Quasiteilchen beschrieben




Quasi-Tellchen in der Festkor

Standard Model of Elementary Particles

three generations of matter

Elektronen in Vakuum

interactions / force carriers

(fermions) (bosons)
! I i e Massem
mass | =2.2 MeVic2 =128 Gev/c? =173.1 GeV/c? 0 =124.97 GeV/c? e
charge | % % % 0 0
spin | % y s ¥ y 1 ‘ 0 H [ ) Ladung e
up charm top gluon higgs
. — — v = — 1 - .

=4.7 MeVic2 =06 MeVic2 =4.18 GeVic? o ° Spln S - /2 (ElgendrehlmDU|S)

% Y% -% 0

@ |9 |'® || @

strange bottom photon
VAN 7\ v
=105.66 MeV/c2 =17768 GeW/c2 =91.19 GeVic2
eV » eV C: ; eVic: 2
» |-@® (@ |5
muon tau Z boson z — n2
A J (2 | 22 E = p?/2m,
Z <1.0 eVic? <0.17 MeVic2 <18.2 =§0.39 GeVic? LLl 8
Q |o 0 0 1
Ve v Vi

5o | o | = | 2%
[ | electron muon J u W boson
1 | neutrino neutrino neutrino | | J RUES
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Quasi-Teilchen in der Festkorp

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
| I [}
mass | =2.2 Mevic2 =1.28 GeVicz =173.1 Gevlcz [ =124.97 Gevic?
charge | 3% % % 0 0
spin | % LI/ e C/ Y t/ 1 ‘ 0 H

up J charm J top J gluon higgs

\ 7

=

=4.7 Mevic2 =96 Mevic? =4.18 Gevic? (]
% % % 0
‘@O |r0 || @

strangeJ bottomJ photon
“ w_

=105.66 MeVic2 =17768 GeV/c2 =01.19 GeVic2

[72]
-1 o

=

 [-® || @ |3
muon J tau J Zboson | L2
\ J o] [}
2] mo
Z <L <0.17 MeVic2 <18.2 MeV/c2 =80.39 GeVic2 o]
Q |o 0 0 1 i o
= % Ve % Vl.l e Vit 1 ‘ o g
5| electr o tau 25
L | electron muon au )
—J | neutrino J Neutrino J neutrino J LW bosonJ (O

Metalle

Quasi-Teilchen mit Ladung e,
Spin S =%, m* # m,

Pustogow Spectroscopy Lab
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Elektronen in Festkdrpern

Energie und Impuls elektronischer Zustande
im periodischen Kristallgitter

« Kristallimpuls p = ak
« Effektive Masse m* # m,

E E = (hk)?/2m*

AdzE 1

d(hk)?~ m,

unbesetzte
Zustande

besetzte
Zustande

> k




Quasi-Teillchen in der Festkorpe

Standard Model of Elementary Particles

three generations of matter

mass | =2.2 MeVic2 =1.28 GeV/cz =173.1 GeV/c* 0

cha % % % 0
@ e (|®|@
up J charm J top J l

=4.7 MeVic2 =06 MeVic2 =4.18 GeVic? o

% Y% i)
‘'@ |'® |0 || @

strangeJ bottom J l photon
w_

1

2]

Z <0.17 MeVic2 <18.2 MeV/c2 =80.39 GeVic2
(@] 0 0 1

E « (G « (G 1 w
w electron muon tau W boson
| neutrino || Neutrino || neutrino |

=105.66 MeV/c2 =17768 GeW/c2 =91.19 GeVic2 )
0
@
Z boson
-

D |- @
m uon_) tau_J l

0
0

GAUGE BOSONS

VECTOR BOSONS

Metalle

Quasi-Teilchen mit Ladung e,
Spin S =%, m* # m,
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higgs

interactions / force carriers
(fermions) (bosons)

=124.97 GeVic?

H

Andrej Pustogow

Nat. Phys. 11, 188-192 (2015)
'}

V(y)

Supraleiter
Photonen haben eine

Masse (werden gedampft)

Higgs-Mechanismus

analog dazu entwickelt

(Nobelpreis 2013)

Philip W. Anderson (1923-2020)




Quasi-Tellchen in der Festkorp

Standard Model of Elementary Particles Nat. Phys. 11, 188-192 (2015)
three generations of matter interactions / force carriers ‘ .
(fermions) (bosons) V(W) S u p r al e I t e r

=124.97 GeVic?
0

» H
higgs

mass | =2.2 MeVic2 =1.28 GeV/cz =173.1 GeV/c* 0

charge | % % % 0
spin | % l.l/ e C/ Y t/ ‘
up charm top J gluon

0
o
- W
photon
.’
—

* Photonen haben eine
Masse (werden gedampft)

=4.7 MeVic? =06 MeVic2 =4.18 GeV/c?

@ |9 |- @
strange bottom

* Higgs-Mechanismus
analog dazu entwickelt
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Metalle
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,Dirac‘ Materialien
* lineare Dispersion
Pustogow Spectroscopy Lab « Elektronen verhalten sich
1 c 0 o wie Photonen (m* = 0)



Quasi-Tellchen in der Festkorp

Standard Model of Elementary Particles

three generations of matter
(fermions)

=~1.28 Gevicz =
charge | % % %
]

173.1 Geviez

Nat. Phys. 11, 188-192 (2015)
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Majorana Fermionen

* neutrale (ungeladene)
S =% Anregungen

* Teilchen = Antiteilchen
Science 356, 1055-1059 (2017)

Supraleiter

Photonen haben eine
Masse (werden gedampft)

Higgs-Mechanismus
analog dazu entwickelt

E
N

,Dirac‘ Materialien
lineare Dispersion

Elektronen verhalten sich
wie Photonen (m* = 0)
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Elektronische Korrelationen

Elektronische Korrelationen

< |

stark korrelierte typisches Metall freies Elektron
Elektronensysteme (Ag, Au, Al ...) (in Vakuum)
E = (hk)?/2m” E=p/2m,
nr* > m, n* = m,

g s £ - ™ i ‘
wigS S e g g
: > E = B
& R . 5 | \ S
- . T3 .
3 bV ;' 1 ('h)\ _'> e
) 4 —— [aiade e
' -
Y. W @ ‘\‘-‘ [ 1A ‘ " ar
’ W Cidt g -

WM 204 Stuttart: Schlossplatz 2021
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Elektronische Korrelationen

Elektronische Korrelationen

< |

stark korrelierte typisches Metall freies Elektron
Elektronensysteme (Ag, Au, Al ...) (in Vakuum)
E = (hk)?/2m” E=p/2m,
ot > m, _ _ m* =~ m,
Wie oft wird man von It nie
OFT! anderen gestol3en? seien

Bring mir W&
eins mit!

S

Aodt b :’

A ‘ e 1B ¥
WM 2014 Stuttgart: Schlossplatz



Elektronische Korrelationen

Elektronische Korrelationen

<

stark korrelierte typisches Metall
Elektronensysteme (Ag, Au, Al ...)
.qute’ Metalle
* wenig Streuung
Wie oft werden die » niedriger elektrischer Widerstand
OFT! selten « guter elektrischer Leiter (z.B. Cu)

Elektronen gestreut?

.schlechte‘ Metalle

« viel Streuung

* hoher Widerstand

 Elektronen streuen an
anderen Elektronen

Pustogow Spectroscopy Lab




Forschungshighlight

<« ¢ @ © @ hitps/fwvewt /iU Ktuell ws/vie-werden-gute-metalle-schlecht B -9 Lo e =

Suche TU WIEN

STUDIUM

FORSCHUNG

KOOPERATIONEN

SERVICES

Nat. Commun. 12, 1571 (2021)
TUWIEN https:/doi.org/10.1038/s41467-021-21741-z

COMMUNICATIONS

¢ mauaes Presseaussendungen :QL\/\
natire

TU Wien / Aktuelles / Presseaussendungen

15. Mdrz 2021 ARTICLE ®c

OPEN
Rise and fall of Landau's quasiparticles while
Ein Ritsel aus der Festkirperphysik konnte nun mit neuen Messungen geldst approaChing the Mott transition

werden: Wie kommt es, dass sich bestimmte Metalle scheinbar nicht an die giiltigen

Wie werden gute Metalle schlecht?

Andrej Pustogow® "8, Yohei Saito'3, Anja Lohle!, Miriam Sanz Alonso’, Atsushi Kawamoto® 3,

REQEln halten? Vladimir Dobrosavljevi¢ ‘4, Martin Dressel ® '™ & Simone Fratini® 5

c o © & https://www.derstandard.at/story/2000125052882/raetsel-geloest-warum-gute-metalle-schiecht-werden

DERSTANDARD » Wissenschaft SUPPORTER Suche O,  Anmelden @= Meni =

INTERNATIONAL INLAND WIRTSCHAFT WEB SPORT PANORAMA KULTUR ETAT WISSENSCHAFT LIFESTYLE DISKURS KARRIERE IMMOBILIEN MEHR ..

Startseite » Wissenschaft » Technik

T 24 postings "BAD METALS"

Ratsel gelost: Warum gute Metalle "schlecht”
werden

Wiener Physiker erkldren mit internationalen Kollegen bisher unverstandenes Verhalten von
merkwirdigen metallischen Zustdnden

15. M&rz 2021, 14:45 24 Postings

Pustogow Spectroscopy Lab
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Siehe ,Recent Highlights‘ auf Webseite

https://www.ifp.tuwien.ac.at/forschung/pustogow-research/home

RS
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Mott-Isolator

Hubbard Modell H=-t z (¢} cjo +H. c)+UZ NNy,

<ij>o

abstolRende Wechselwirkung
zwischen Menschen
* Regelmal3ige Anordnung

* 1 Person pro Platz Coulomb AbstoRung, falls sich 2 Elektronen
' auf demselben Gitterplatz befinden

900 ®
... @O @

Gitterplatz (Atom) O O O O
Pustogow Spectroscopy Lab

potenzielle Energie




Mott-Isolator

Hubbard Modell H=-t z (¢} cjo +H. c)+UZ NNy,

<ij>o

kinetische Energie

Wellenfunktionstiberlapp t

potenzielle Energie

Coulomb Abstol3ung, falls sich 2 Elektronen

QM Wahrscheinlichkeit, dass das Elektron sich auf demselben Gitterplatz befinden

gleichzeitig auf dem Nachbaratom befindet
(bzw. dass es hinuber ‘hupft’)

P XXX
e, @O @

Gitterplatz (Atom) O O O O
Pustogow Spectroscopy Lab




Mott-Isolator

Hubbard Modell H=-t z (CLC,-U+H-C-)+Uannu

w(r)
A

<ij>o

P00 ® -
U>t 900 @®

* Abstand zwischen Atomen

* Zusammendricken des

o909
009

r = R, — Ry bestimmtt

Materials verandert
elektronische Eigenschaften

2021-03-19

U<t

Mott Isolator

Elektronen kdnnen sich
nicht bewegen

Strom kann nicht flieRen

Metall-Isolator
Ubergang

Metall

« starker Uberlapp der
Wellenfunktionen

+ Elektronen beweglich



Mott-Isolator

Frequency (cm™)

Highlight: Theorie und Experiment quantitativ vereint!

S0 1000 2000 3000 4000
o T T T T T T ]
Coulomb-Abstofung U und Ef’
Pustogovx_/ etal., Nat. Mater. 17, 773-777 (2018)  qjekironische Bandbreite W o t wurden 8 _
https://doi.org/10.1038/s41563-018-0140-3 mittels optischen Messungen direkt aus @
; ; dem Spektrum bestimmt 21
nature LETTERS 9
materials Ml A0 003 =
0.5} i 2

Quantum spin liquids unveil the genuine

CONDENSED MATTER PHYSICS

Mott state
= 04} i
~
-
(O]
—
2 0.3} E
S Incoherent
9 Conduction SCIENCE ADVANCES | RESEARCH ARTICLE
I Regime
(]
|_

0.2F
Internal strain tunes electronic correlations

e
o1 *e on the nanoscale
' A. Pustogow'*T, A. S. McLeod?3*%, Y. Saito"*, D. N. Basov®?, M. Dressel'*
Mott Insulator Me‘a\“-cons ____________ -
0.0 Fucet® Pustogow et al., Sci. Adv. 4, eaau9123 (2018)

2.0 15 https://doi.org/10.1126/sciadv.aau9123

Electronic Correlations U/W

. . . . ) 133.95K 10 x 10 .
Highlight: Mikroskopisch  [EEFemER:";
aufgeloste Messungen eines o
Metall-Isolator Ubergangs! =
Pustogow Spectroscopy Lab -
1 ‘ ) scanning near-field optical
microscopy (SNOM)

0.4


https://doi.org/10.1038/s41563-018-0140-3
https://doi.org/10.1126/sciadv.aau9123
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Geometrische Frustr

O O O O wegen Pauli-Prinzip:
@O SO i
PO
)
2

Austausch-Wechselwirkung J oc%
(‘itinerant exchange mechanism’)

Pustogow Spectroscopy Lab



Geometrische Frustrati

O O O c wegen Pauli-Prinzip:
O c C O Mott Isolatoren haben Tendenz

zu Antiferromagnetismus
®PP®®

hexagonale Bienenwaben
(engl. ‘honeycomb’)

Dreiecksgitter
Geometrische

Frustration

? antiferromagnetische Ordnung der Spins
kann sich auf Gittern mit Dreiecksmotiv
nicht ausbilden, bzw. wird unterdriickt

Pustogow Spectroscopy Lab \/
l ‘ O D Kagome-Gitter




Quanten-Spin-Flussigk

[N/ N/ N/ N/ N/ N/ \/ \/ \
AVA'AYA"YA'A‘!'A"AVA
/\ /N7 \/\Z\/\Z\/\Z\/\
AVAVAVAVAV AvAVAVAVA

Valence Bond Solid
(e.g. Spin-Peierls in 1D)

Resonating Valence
Bond (RVB) State

Geometrische

Frustration Die Idee von der
Quanten-Spin-Flissigkeit

¢ RESONATING VALENCE BONDS: A NEW KIND OF INSULATOR ?{ ! y I
P. W. Anderson
Pustogow Spectroscopy Lab Mater. Res. Bull. 8, 153-160 (1973)




Quanten-Spin-Flussigk

Frei bewegliche Spinon Quasi-Teilchen?

sSpinon: neutrale S = %2 Anregung (wie Elektronen in Metallen, aber ohne Ladung!)

\VavaVi 2 ~ NavaV, Y

\V Nava¥.VaVaVi YavaV.
aY VA YA YAY Vav,

WeWalW, VaWaWaW:

\WavaVi YAY N NavaV, Y interessant fur:

= \4 """"""“‘V‘v Quantencomputer
Va YA YAVAVA Vi VA Vav,

Y VAWV, VaVaWAVAw,

Balents, Nature 464, 199-208 (2010)

Neue ESR Messungen:
Nein, keine frei beweglichen

Geometrische Spinon-Quasiteilchen!
. Miksch, Pustogow, et al. (2021)
Frustration https://arxiv.org/abs/2010.16155

(erscheint demnéachst in Science)

* o. :
¢ Elektronen in Metallen
o‘..% Ladung e
P 5 Lab .‘.‘ Spin S = %2
ustogow Spectroscopy La O *
C
.‘..= m #Fmg


https://arxiv.org/abs/2010.16155
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Supraleitung

normales Metall
» elektrischer Widerstand
* einzelne Elektronen

ol

5
P
N

Pustogow Spectroscopy Lab

1D Oo
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Supraleiter
» kein elektrischer Widerstand
« Elektronen in Cooper-Paaren
® 0 ¢ o0 ® O
0 e o0
(—$ Cooper Pair é ——
‘A-A./’._ -'— _.\\‘_-',.
N e = =

Andrej Pustogow



Supraleitung

Supraleiter
» kein elektrischer Widerstand
« Elektronen in Cooper-Paaren

. _’\_ - B 4_ -
abstoRende Wechselwirkung ® ® o ® ®

) be,

zwischen Menschen Sl @ o ©
S el

* Regelmallige Anordnung & ‘\.“0“.

« 1 Person pro Platz

— ¢ Cooper Pair é ———
“‘ﬂ_./._—'\“\‘__‘g

R i B S
attraktive Wechselwirkung

Pustogow Spectroscopy Lab
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Supraleitung

Supraleiter
» kein elektrischer Widerstand
« Elektronen in Cooper-Paaren

Sind die Spins innerhalb eines Cooper-Paars zueinander
antiparallel (Singulett) oder parallel (Triplett) ausgerichtet?

singlet

® 0 9 g 0 © O

A‘_—‘\.__ ',_,.//. —@®
f— ¢ Cooper Pair é ——

“‘ﬂ_‘./._-'—\‘.\“_‘g

triplet ...._‘-»"‘.“‘x‘_A‘,_
attraktive Wechselwirkung

Pustogow Spectroscopy Lab

1D Oo
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Spin-Triplett Supraleitung

1998

Ishida et al., Nature 396, 658-660 (1998)

1.0 : | : : : :
| SrRuO, i om |
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Sr,RuQ,

* lange Zeit der heif3este Kandidat

fur triplett Supraleitung

singlet

Keme A
tr lplett Sup Ndiz fL']r

triplet

l Ung?




Spin-Triplett Supraleitung

nature
Sr,RuQ,
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Solving a puzzle of unconventional superconductivity

The phenomenon of superconductivity is one of the most fascinating properties of electrons in solids. Among
known superconductors, the material SroRuQ4 i1s one of the most important, it is the cleanest superconductor y

discovered.

New research published in the journal, Nature, has solved one of the puzzles around this material. The researt
is a collaboration among Stuart Brown's research group; Eric Bauer, a staff scientist at Los Alamos National
:nzie, director of physics of quantum materials at the Max Planck Institute for the Chemical Physics of Solids in
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chemical energy in the portion
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