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Classical phase transition: driven by thermal fluctuations

Quantum phase transition (QPT): a phase transition at zero temperature by tuning one parameter
(in the Hamiltonian), driven by quantum fluctuations

* A quantum phase transition can be first-order or continuous

* Quantum critical point (QCP): a continuous QPT.

* Emergent symmetries can occur at QCP, e.g. SO(5) symmetry
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Landau-Ginzburg-Wilson (LGW) paradigm : use the order parameter to description the phase transition
the effective field theory are described by order parameter.

Fly(r)] = fAlVl/)I2 + aly|? + BlyY|* dPr a=ay(T—T,) istheorder parameter

What about phase transition between two broken symmetry phase and the symmetry of each phase is not the subgroup
of the other?
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Direct phase transition between these two phases should be first-order transition or
requires fine-tuning to a multicritical point to realize the second-order phase transition
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SC AFM

according to the Landau theory, a direct continuous transition
between SC and AFM is not allowed

Direct first-order transition that terminates at a bicritical point T},

Two second-order phase transition with an intermediate spin-bag phase

A single second-order phase transition at a quantum critical point

Two second-order quantum phase transition with an intermediate quantum

-disorder phase.

Shou-cheng Zhang, Science (1997)



DQCP (Senthil, Vishwanath, Balents, Sachdev, Fisher, Science 300 1490 (2004))

Order parameter
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Deconfined: fractionalized degree of freedom

Topological defect of one phase carries the quantum number of the other

phase

Neel-VBS (valence bond solids)

Continue phase transition, beyond LGW theory
Field theory: NCCP?!

Fractionalized degree of freedom: spinon
Emergent gauge field: U(1)

Topological defects are suppressed and
conservation of skyrmion
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Models for DQCP
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Alternative suggestions: multicritical point for DQCP
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FIG. 6. Schematic phase diagram of the easy-plane J-Q)
model Eq. (22).
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SrCu2(BO3):

M. E. Zayed et al. (2017) reported a potential experimental realization of DQCP was
reported in the quasi-2D Shastry—Sutherland compound SrCu2(BO3)2 under pressure
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Critical point

Ising transition

J. M. Jiménez, Nature 592 370 (2021)



Shastry-Sutherland model (SSM)

M. E. Zayed et al. (2017) reported a potential experimental realization of
DQCP was reported in the quasi-2D Shastry—Sutherland compound
SrCu2(BO3)2 under pressure



Shastry, Sutherland, Physica B 108 1069 (1981)

Tensor network: weakly first-order
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Checkerboard J-Q model
(CBJQ)

Sign problem free
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NMR results for SrCu2(B0O3)2

High-pressure ''B (I = 3) NMR



1. Plaquette liquid phase
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The much smaller first-order discontinuity of fr — f; at the higher
pressure indicates the approach toward a continuous QPT



Spin-lattice relaxation rate
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expected from DQCP dualities
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Numerical results for CBJQ
model with magnetic field
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cross-correlation ratio
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Conclusion

NMR experiments find proximate DQCP 1in SrCu2(BO:3)2

first-order signatures weaken with increasing pressure
close to H., Tp and Ty are depressed to very low
energy gap and magnetization jump very small
quantum critical scaling at 2.4 GPa

duality for the scaling of transition temperature
emergent O(3) symmetry
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