“Quantum Matter: Computation Meets Experiments”, Aspen, March 11, 2020

Quantum spin liquid

and Mott quantum criticality

K. Kanoda
Applied Physics, UTokyo

Outline of talk

- Spin liquid

Spins --- localized or itinerant ?

Instability of spin liquid --- singlet formation & FFLO ?
- Doped spin liquid

non-Fermi liquid to Fermi liquid crossover

BEC to BCS crossover
- Mott quantum criticality

Disorder effect



Kk-(ET),X --- half-filled bands, quasi-triangular lattices

Layered structure In-plane structure Isoceles triangular lattice
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Cu[N(CN),]Cl AF Mott insulator 0.75 deformed triangle




Mott insulators x-(ET),X X et A

Cu,(CN);  0.80-1.06 )

Spin ordering or NOt ? cunenycr 0075 L
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Knight shift (K) vs Magnetization (M)

HO // Z <K> = AZX. < I\/|X> + Azy' <My> + AZZ. <I\/|Z>
R/—/—‘/
Usually vanishing but nonzero in presence of D-M interaction
No K-y proportionality Good K-y proportionality 1?
K-(ET),CUu[N(CN),]Cl1 (t’/t=0.75) K-(ET),Cu,(CN); (t’/t=1.06)
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Dzyaloshinsky-Moriya interaction causes staggered magnetization
In a localized spin system under applied field
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Kagawa et al. PRB 78 (2008) 184402



Thermodynamic anomaly at 6K In x-(ET),Cu,(CN),

Specific heat Thermal expansion coefficient
S. Yamashita et al., Nat. Phys. 4 (2008) 459 Manna et al., PRL 104 (2010) 016403

Dielectric function
Poirier et al., PRB 85, 134444 (2012)

Thermal conductivity

M. Yamashita et al., Nat, Phys. 5 (2009) 44 Ultrasound VeIOC|ty
Poirier et al., PRB (2012)




13C NMR under a parallel field

a decrease in local y
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Magic Angle ; line shift
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13C NMR@16 Tesla

16 Tesla, H//layer

16 Tesla, 9 deg

16 Tesla, 18 deg

16 Tesla, 27 deg

16 Tesla, 36 deg
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Puzzling experimental indications

Absence of manifestation of DM interactions

=> Itinerant spins (spinon FS ?)

6K-anomaly --- Instability of spin liquid ?

€

DOS

Unpaired spins generate
inhomogeneous local fields.

-> Transition to nonmagnetic state
- Robust to applied field
-> Inhomogeneous local f

e\
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FFLO of singlet spinon pairing ???




x-(ET),Hg, soBrg adoped triangular lattice (11% hole doping)

Lyubovskaya, 1987

non-doped

Spin liquid nature !

Spin-charge separation ! <-HgBr (H11) -
doped

Oike et al., Nature Commun. 8, 756 (2017)
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Hall coefficient ~ (carrier number)

Oike et al., PRL114 (2015) 067002
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Doping an triangular-lattice Mott insulator )

Non-doped 11%-hole doped INTIN

1-(ET),Cu,(CN), £/4=0.80-1.0 k-(ET),Hg, oo Hge ¢7£~1.0

--4--- T_(onset)

Spin-ligud Mott insulator

S

Fermi liquid

Mott insulator “ metal (FL) Metal (non-FL) “ metal (FL)

Furukawa etal. Nat. Phys 11 (2015) 221 Oike et al., PRL.114.(2015) 067002



Upper critical field H,
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BEC to BCS crossover in x-(ET),Hg, g4Brg

Inhomogeneous SC

Non-Fermi liquid Fermi liquid

BEC like r BCS like

TSe

ke &~ 2-3

: d<<§

0O 02 04 06 08 1 1.2
Pressure GPa)

ke & ~30-50



Single-site DMFT of Hubbard model
H.Terletska , V.Dobrosavljevic et al.,Phys. Rev. Lett 107, 026401(2011)
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QC scaling --- independent of competing ground states  Furukawa et al., Nat. Phys 11 (2015) 221
Theoretical: H.Terletska et al.,PRL 107 (2011) 026401
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Disorder induced by X-ray Irradiation

damaged in insulating layers
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1: Effect of disorder on Mott transition

v' Drastic suppression of the critical endpoint = 2D Ising character
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Today’s talk
- Spin liquid
Absence of DM effect > itinerant spins ?
6K anomaly - Instability of spinnon FS with singlet FFLO ?
- Doped spin liquid
non-Fermi liquid to Fermi liquid crossover
BEC to BCS crossover

- Mott quantum criticality
Disorder unveils Mott quantum criticality behind 1%t-order transition

Collaborators
UTokyo (applied Phys.) T. Furukawa (Tokyo U. Sci.), H. Oike, M. Urai, Y. Suzuki,

K. Wakamatsu, J. Ibuka, Y. Shimizu (Nagoya U),
H. Hashiba, Y. Kurosaki, K. Miyagawa

Osaka U. S. Yamashita, Y. Nakazawa
Kyoto U. M. Maesato, G. Saito (Meijo Univ.)
Saitama U. M. Ito, H. Taniguchi

Tohoku U. M. Saito, S. Iguchi, T. Sasaki
RIKEN R. Kato
NIMS T. Isono, S. Uji

Inst. Phys. Zagrev ~ S. Tomic
UPMC V. llakovac-Casess

Sherbrooke U. M. Poirier



