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Abstract: A many-body quantum system on the verge of instability between competing ground states exhibits emergent phenomena. Interacting
electrons on triangular lattices are likely subjected to multiple instabilities in the charge and spin degrees of freedom, affording diverse phenomena
related to the Mott physics. The molecular conductors are superior model systems for studying the Mott physics because of the designability and
controllability of material parameters such as lattice geometry and bandwidth by chemical substitution and/or pressure. In this symposium, | first
introduce the fundamentals of organic materials and then present various quantum manifestations that interacting electrons in triangular-lattice
organics show under variable correlation on the verge of the Mott metal-insulator transition. The topics include i) the quantum criticality of the Mott
transition revealed by the resistivity that obeys quantum-critical scaling, ii) the pseudo-gap-like behavior of the metalic state, which is found to
originate from preformed Cooper pairs that persist up to twice as high as Tc, and iii) the spin liquid state that emerges in the Mott insulating state,
depending on the lattice geometry. | may touch the recent finding on a doped triangular lattice that exhibits a possible BEC-to-BCS crossover in
superconductivity.

The work presented here was performed in collaboration with T. Furukawa, H. Oike, J. Ibuka, M. Urai, Y. Suzuki, K. Miyagawa (UTokyo), Y.
Shimizu (Nagoya Univ.), M. Ito, H. Taniguchi (Saitama Univ.) and R. Kato (RIKEN)
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Organic conductors
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Organics k-(ET),X; designable and cotrollabile
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Mott physics in 2D organics
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High-energy Mott physics
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High-energy Mott physics

2nd order
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Kondo and Mott
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Possible quantum critical behavior
in an intermediate energy range

Heavy fermion system Organic Mott system
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Single-site DMFT of Hubbard model
H.Terletska , V.Dobrosavljevic et al.,Phys. Rev. Lett 107, 026401(2011)

U-T Phase diagram SU-T Phase diagram
4'5:”I”"I""I""I”"I""I"\"I"\'I"‘\.'l""l""l"": T - . 7
| . 5 \UsUdTE
\ : Quantum - Y /!
3.5 | bili W critical ] Y /
lir:}s;a ility _\.‘\‘.h‘:\ﬁ: region ] \ TD,-": Clé‘ulZV

8U = U — U¢(T)

Pirsa: 16050037 Page 10/42



Single-site DMFT of Hubbard model
H.Terletska , V.Dobrosavljevic et al.,Phys. Rev. Lett 107, 026401(2011)
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Furukawa et al.,

Experimental test of Scaling Nat. Phys 11 (2015) 221
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Furukawa et al.,

Experimental test of Scaling Nat. Phys 11 (2015) 221
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Experimental test of scaling

R/R. vs (P- P)*T/2
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Experimental test of scaling
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QC scaling --- nearly material -independent

Furukawa et al., Nat. Phys 11 (2015) 221
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Critical exponents, 7V, in metal-insulator transitions
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QC scaling --- nearly material -independent

Furukawa et al., Nat. Phys 11 (2015) 221
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Remaining degree of freedom in Mott insulator

That’s spin .
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Spins ordered or in a liquid

Spin liquid , Antiferromagnet
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Low-lying spin excitations in k-(ET),Cu,(CN),
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Antiferromagnet disordered by X-ray irradiation

X-ray irradiation to AFM

T. Sasaki, Crystals 2,374 (2012)
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Antiferromagnet, when disordered, goes to spin liquid

-- quantum disorder by quenched disorder --

AF ordering is gone with X-ray irradiation
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e B T X-ray-irradiated x-(ET),Cu[N(CN),|CI
PRL 115 (2015) 077001

'H NMR relaxation rate 1/7)

No critical slowing down Gapped Mott insulator

T =TT T T T==T=T=T"TTTT T

[ T 5 Gapless Mott-Anderson insulator
Ry, f

-
o

L
I
=

-
o

Non irradiated

p (7)1 p (300K)

) 500-hour irradiated
0 - I TR N W A T '

20 40 60 80 100
Temperature (K)

10 100 300
Temperature (K)

Furukawa Fig. 3

Pirsa: 16050037 Page 27/42



Two suggestions from experiments

Spin liquid residing just behind frustrated AFM

Spin liquid ubiquitous in Mott-Anderson Insulator ?

complicated mteractions

Spinon-deconfined chargeon-glass msulator ?

K.-S. Kim, PRB 73, 235115 (2006)
Senthil, PRL 109, 077205 (2012)
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Preformed pairs in Metallic phase
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Superconductivity --- a sort of self-calalyzed electronic chemical reaction
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Pseudo-gapped nearby AI'M Not pscudo-gapped nearby spin liq.
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13C NMR 1/7, T and Knight shift near Mott boundary
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Pseudogap and SC suppressed simultaneously by magnetic field
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Pseudogap and SC suppressed simultaneously by magnetic field
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Doping a spin liquid

A doped triangular lattice
k-(ET) Hg, 4yBr
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Doping a spin liquid

A doped triangular lattice
k-(ET) Hg, 4yBr
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k-(ET) Hg, ¢oBry adoped triangular lattice (11% hole doping
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Upper critical field H,
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Doped spin liquid
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conclusion

Non-doped Mott systems x-(ET),X

Similarity at high temperatures
Quantum critical behavior

Variety at low temperatures
AF/SL, SC, PG, strong/weak Mott transitions

Doped triangular lattice x-(ET) Hg, 4oBr,

Realization of a doped spin liquid

Deconfined non-Fermi liquid with spin-charge entanglement
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