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Physics across hierachy of matter
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Phase transitionsat T =0 K
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Quantum phase transition in spin system with AF correl.

quantum
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classical

disordered
state pressure
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particle/wave magnetic moment quantum state
excitation A=0 A=0 A >0



Resonated singlet state

« A >0 (gapped) : many examples

Kekule structures

@«—»@ = @ benzene : stable molecule (gapped)

Resonance hybrid

............................................ ® geometrical frustration
* large R;
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+ A =0 (gapless) :

long-ranged singlet pairs are necessary
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An idea : fractionalization of electron spins = spinons

» Degenerated singlet states transient into a condensed state of fractionalized
spins (= spinons), establishing a large Fermi surface of spinons. (Anderson)

* “1 dim. case”
spinon-holon separation is well established (Tomonaga-Luttinger)
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« “2 dim. case”
Open question: spinon Fermi surface establised or not ?
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Material design to tune t’/t
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Weak 1st order transition from AF to QSL
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- Small magnetic moment prohibits precisely identifying AF-QSL critical point.

« Other factors than spin correlation can provokes 1st order transition.



QSL resides as a phase, not a point
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* In the reciprocal space
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- Similar with graphene (Dirac electron)
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Anomalous suppression of x(gq=0)
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Toward the centennial of QM

Experimental survey from classical AF to
QSL as a function of the anisotropy of the
couplings has been done.

gapless QSL resides as a phase.

Magnetic moments by impurities seem to
float’ in the QSL phase.

X(q=0) is suppressed near QCP

Transient states from classical to quantum
(particle to wave) states both in
condensed matter and Iwasaki’'s state
share similar problem.







