TECHNISCHE

UNIVERSITAT

WIEN

Institut fur Festkorperphysik

30-Year Anniversary of k-(BEDT-TTF),Cu,(CN),:
Reconciling the Spin Gap in a Spin-Liquid Candidate

Pustogow, Solids 3, 93—110 (2022)

Quantum Spin Liquid?

Pustogow Spectroscopy Lab

1 Q O \) 2022-08-19

Y
PAS
NS
*

NN
PrAJE
7 7
NN
N

2

7/

Valence [0 Unconventional
singlet Bond Solid Superconductivity

Andrej Pustogow ‘ O


https://doi.org/10.3390/solids3010007
https://doi.org/10.3390/solids3010007
https://doi.org/10.3390/solids3010007
https://doi.org/10.3390/solids3010007
https://doi.org/10.3390/solids3010007
https://doi.org/10.3390/solids3010007
https://doi.org/10.3390/solids3010007
https://doi.org/10.3390/solids3010007

TECHNISCHE
UNIVERSITAT
WIEN

Institut fir Festkorperphysik

Correlated Electron Systems

Ass. Prof. Andrej Pustogow

INSTITUT FUR FESTKORPERPHYSIK

Technische Universitdt Wien

spin charge

& Nuclear Magnetic Resonance Optical Spectroscopy

Alexander von Humbaoldt
Stiftung/ Foundation

Teresa Le
Hank Wang
Yongkang Luo

Bjorn Miksch
Ralph Hiibner

Stuart E. Brown Marc Scheffler

University of California Martin Dressel

Los Angeles

Universitat Stuttgart

Pustogow Spectroscopy Lab

l ‘ ‘ o 2022-08-19 Andrej Pustogow



TECHNISCHE
UNIVERSITAT
WIEN

Institut fur Festkorperphysik

1991

Superconductivity at 2.8 K and 1.5 kbar in
x-(BEDT-TTF),Cuy(CN);: The First Organic

Superconductor Containing a Polymeric Copper Cyanide

Anion

Geiser et al., Inorg. Chem. 30, 2586—2588 (1991)
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Organic Superconductor
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1 electron per site

(009 @®
‘e@O @

Pustogow Spectroscopy Lab O O O O
1 ‘ ‘ Q 2022-08-19 Andrej Pustogow




TECHNISCHE '
. ?:Z%Eti?j:estkbrperphysik G e n u I n e IVI Ott I n S u I ato r

Hubbard Model H=—t Z (c;racja +H.c)+ UZ NNy,

e k-(BEDT-TTF),Cu,(CN),

Pustogow et al., Nat. Mater. 17, 773-777 (2018)

Electronic bandwidth W « t

nature LETTERS
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on-site Coulomb repulsion

Quantum spin liquids unveil the genuine
Mott state

0.4} ; % -filled band
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Incoherent ] O O O C
Conduction
Regime
Landau Fermi Liquid
. i / (‘good’ metal)
2.0 5 '
) ) Pustogow et al., Nat. Commun. 12, 1571 (2021)

Electronic Correlations U/W npj Quantum Mater. 6, 9 (2021)
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Mott-Heisenberg insulator H = z (Cw jo T H.c. ) + UZ Ny
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Magnetic Order

metal
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Hansmann et al., Phys. Status Solidi B 250, 1251-1264 (2013)
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antiferromagnetic interactions

Mott-Heisenberg insulator frustrated Mott insulator
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Geometrical Frustration

geometrical frustration in physics

e suppression of magnetic order
e quantum spin liquid
» exotic excitations (spinons)
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suppression of
long-range order

Balents, Nature 464, 199-208 (2010)
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Geometrical Frustration

kagome A geometrical frustration in physics
triangular \/
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honeycomb

e suppression of magnetic order
e guantum spin liquid
» exotic excitations (spinons)
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geometrical frustration Resonating Valence

Bond (RVB) State
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spinon: neutral S =% excitation
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mobile spinons (‘gapless’)
similar to electrons in a metal,
but without charge

Balents, Nature 464, 199-208 (2010)
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Useful for quantum information?

geometrical frustration
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https://www.tuwien.at/en/tu-wien/news/news/neue-messungen-stellen-spin-fluessigkeiten-in-frage

spinon: neutral S =% excitation
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mobile spinons (‘gapless’)
similar to electrons in a metal,
but without charge

Balents, Nature 464, 199-208 (2010)
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(a) K-(BEDT-TTF),Cu,(CN), (b)
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K-(BEDT-TTF),Cu,(CN),

triangular lattice
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Shimizu et al., PRL 91, 107001 (2003)
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(a) k-(BEDT-TTF),Cu,(CN), (b)
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specific heat: gapless
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Yamashita et al., Nat. Phys. 4, 459—-462 (2008)
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K-(BEDT-TTF),Cu,(CN),

no antiferromagnetism
X does not drop to zero
towardsT — 0

linear term of specific
heat C «< yT
gapless spinons?
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specific heat thermal expansion thermal transport
entropy release at 6 K
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ESR propertiesT < T*
e additional satellite peak appears
e strong angle dependence
(dipole-dipole coupling)
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» additional satellite peak appears
* strong angle dependence
(dipole-dipole coupling)
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Gapped magnetic ground state in quantum spin liquid
candidate «-(BEDT-TTF),Cu,(CN);3
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Spin Gap — Thermal Transport
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Chasing the spin gap through the phase diagram of a frustrated Mott insulator

A. Pustogow,! Y. Kawasugi.>® H. Sakurakoii,” and N. Tajima®3 under review (2022)
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Chasing the spin gap through the phase diagram of a frustrated Mott insulator
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Ground State — Valence Bond Solid

Chasing the spin gap through the phase diagram of a frustrated Mott insulator

A. Pustogow,! Y. Kawasugi.>® H. Sakurakoii,” and N. Tajima®3 under review (2022)
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