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Quantum criticality ----- where does it appear ?
- Mott metal-insulator transition

- Qunatum spin liquid (QSL)

\ - Superconductivity in doped QSL /
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Layered organic systems k-(ET),X with triangular lattices
situated across the Mott transition
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Mott quantum criticality for T > Tc ?
Quantum critical scaling
Theoretical: Terletska et al., PRL107, 026401 (2011)
p(T,6P)Ip(T,0) = f(T/|6P|™*")

P-T phase diagram: x-(ET),Cu,(CN),
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Experlmental test of Mott quantum critical transport with He-gas pressure
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AF-interacting spins \
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happy € Unhappy &
on a square lattice on a triangular lattice
Pauli exclusion principle
favors antiparallel configuration
I S— —_— I Spin frustration
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Resonating valence bond (RVB) state as a QSL
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Quantum spin liquid (QSL) candidates with a triangular lattice

Organic material near Mott transition IH NMR spectra
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Spin susceptibility down to 50 mK Magnetization
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- Magnetization is proportional to B

- Exclude impurity or orphan spins
- Gapless spin excitation

- v(=M)J B) is insentive to T

—> Exclude fully gapped and nodal spin excitation
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Inhomogeneous moments emerge nonlinearly with magnetic field at low temperatures. k-ET,Cu,(CN);
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At T'< 2-3K,

- Quantum-critical moment growth, < B%*  Nop-perturbative Perturbative

. (super-)linear
- Exclude fully gapped spin excitations sublinea
- Exclude fully gapless spin excitations =)

response

Magnetic field

- Transverse moment (perpendicular to B)

- Exclude localized spin excitations
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Pressure dependence: quantum critical SL evolves to nodal superconductivity

Pressure-temperature nhase diagram

ITHNMR 1/T7; 200
0.2 preor T T T
. Crossover
0.18 F ‘ 100 F xET,Cu,(CN)
r - ? ? I (1/T1T)max

0.16 .' | (dR/AET) . ‘

0.14 £ . g™ & \@ IBCNMR1/T;
ok ..:' % 4 F O in SC under pressure
Z o on o 3 < I
& 01 ] . Ak 40 E X Mott insulator T Cu (ON) "G R
- 0% El xxt‘ & : = 10 ]I:I-(=2)ZT lefoc p)lfeme

06 £ “ 5 u(1) i

Bi ] Spinon FS | onset T e

L .o e (Fermi liquid)

&--- " " q

I noaa ‘v,

—
Z2 nodal Superconductor
1 L ! ! !

0 1 2 3 4 5
0.09 E i P (kbar) Pressure (10-1GPa)
0.08 £ 0 e . .
007 | L % 1 0 Spin liquid superconductivity

: . om
o6 f L jont F17 4 | RVB > = Pg| BCS > N
0.05 ¢ 0 |
001 f o Bf  oom |spinon FS > = P;| BCS; A— 0 > L
E v . Egn
003 O bl vt himi ., PRB 81, 224 201
o v koo Inodal QSL > = P;| nodal BCS > Shimizu et al,, PRE 81, 224508 (2010)
02 § X4 2
001 xﬂ?f;?foﬁ'@go 29 ) . ,
o B e @®8ROT T \ |Chiral QSL > = P;|chiral SC > J

o 1 2 3 4 5 6 7 8 9 10 ) o o
TEMPERATURE (K) Gutzwiller projection ~, Mott transition



Doped QSL candidate, Lyubovskaya salt « -(ET),Hg, ;:Brg (11% hole doped)
Charges get delocalized, but spins remain QSL-like !

Kk-(ET),Hg, 59Brs
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Pressure dependence of Hall coefficient: from doped QSL to correlated metal
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Crossover from a strange metal to a conventional metal to by pressure

k-(ET) JHg, 49Brg
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Quantum critical “phase”

CePdAl (Heavy fermion system with Kagome lattice)

— Emergence of quantum critical phase, (not a point)
H. Zhao, et al., Nat. Phys. 15, 1261 (2019).

Frustration makes QC point to QC phase
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Large H,, short coherence length, BEC-like pairing at low pressures
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Cooper Pair breaking: orbital effect & spin effect
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Enhanced Nernst and depressed spin fluctuations above 7,
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Wakamatsu et al., arXiv. 2205.03682

Hu, Chen & Si, Nat. Phys. 20, 1863 (2024)
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Strange metal/strange superconductivity in the doped QSL, k-(ET),Hg, 3oBrg

Nodal FL* (fractionalized metal)
T. Senthil, S. Sachdev, and M. Vojta, Phys. Rev. Lett. 90, 216403(2003).
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Quantum spin liquid evolves to superconductivity
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A key to materials science is
how to create unstable states in stable s
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