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Introduction: QPT

Thermal phase transitions: which is described by non-analytic 
behaviors of the thermal properties at the transition points, driven 
by thermal fluctuation.

Quantum phase transitions: driven by the quantum fluctuations 
and are described by the non-analytic behaviors of the ground-
state properties at the transition points.

Mott-insulator transition in Hubbard model. 

Doped High-Tc superconductor
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Introduction: traditional method

Landau’s symmetry-breaking theory
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Introduction: quantum information

A practic quantum computer seems still a dream, but the 
development in quantum information science has shed 
new lights on other related fields.
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Introduction: QPT & quantum entanglement
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Introduction: QPT & quantum entanglement
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Introduction: QPT & quantum entanglement

Kitaev&Preskill
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Introduction: classical fidelity 
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Introduction: quantum fidelity 
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Introduction: information perspective 
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Introduction: QPT & Fidelity

Ising model
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100 works have been finished
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100 works have been finished
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Introduction: QPT & Fidelity
Nuclear-magnetic-resonance(NMR) experiments 

J. Zhang, etal,  Phys. Rev. A 79, 012305 (2009)



ITP, Department of Physics, CUHK
18

Content
I. Introduction: quantum phase transition, fidelity in 

quantum information

II. Fidelity susceptibility, scaling, and universality 
class in quantum phase transitions

III. Fidelity susceptibility and quantum adiabatic 
theorem 

IV. Summary



ITP, Department of Physics, CUHK
19

Spectra reconstruction

How does a QPT happen for a general quantum system
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Perturbation method in quantum mechanics

Fidelity susceptibility

You, Li, and Gu, PRE, 76, 022101 (2007)
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Fidelity susceptibility: what is the physics

Fidelity susceptibility <==> dynamic structure factor

Perturbation method in quantum mechanics

You, Li, and Gu, PRE, 76, 022101 (2007)
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Extension to thermal phase transitions 

Fidelity susceptibility: extension to TPT

You, Li, and Gu, PRE, 76, 022101 (2007)

A neat connection between quantum information 
theoretic concepts and thermodynamic quantities
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八卦一下
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Universality class described by the FS

arXiv:0706.2495
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Dimension of fidelity susceptibility

The fidelity susceptibility
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Quantum adiabatic dimension

In general quantum phases Gu and Lin, arXiv: 08073491

fidelity dimension

+
ad

F

L
)(λχ

−
ad

F

L
)(λχ

λ
Cλ



ITP, Department of Physics, CUHK
27

Quantum and classical distance (unpublished)
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Quantum and classical distance (unpublished)
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Application: the Lipkin-Meshkov-Glick model

Hamiltonian (N spins)

Ground phases (ferromagnetic, 4-spin sample)

1<h 1>h
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Application: the LMG model
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Application: the LMG model
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Application: the LMG model

If h > 1

The Hamiltonian in terms of bosons

The diagonalized form
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Application: the LMG model

If h > 1

If h < 1

Exponents
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Fidelity susceptibility in topological QPTs
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2/1<zJ

2/1>zJ

Gu and Lin, arXiv: 08073491

Fidelity susceptibility in topological QPTs



ITP, Department of Physics, CUHK
36

Fidelity susceptibility of pulse in dispersive media

Li-Gang Wang and Shi-Jian Gu, preprint
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Quantum adiabatic theorem

A physical system remains in its instantaneous eigenstate if a given 
perturbation is acting on it slowly enough and if there is a gap between 
the eigenvalue and the rest of the Hamiltonian's spectrum.

00 /τωω t=

Ref: Wiki
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A thermodynamic quantum many-body system

A physical system remains in its instantaneous eigenstate if a given 
perturbation is acting on it slowly enough and if there is a gap 
between the eigenvalue and the rest of the Hamiltonian's spectrum.

LL

L ∞→L

Thermodynamic limit

dLN =
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Quantum adiabatic condition

Time-dependent Hamiltonian

Quantum state and Schodinger Eq.
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Hamiltonian

Unitary transformation
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Time-dependent Hamiltonian

τ0 is the duration time, for instance 
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Time-dependent perturbation theory

Hamiltonian

ttt Δ+→+→  from δλλλ

From initial conditions
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Hamiltonian
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Hamiltonian

How to define smallness of δλ
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The probability of staying in the ground state:

The quantum adiabatic condition

For linear quench

Hamiltonian
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The quantum adiabatic condition

Discussion

A physical acceptable duration time
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Discussion

da=1,
Can you wait me    
3 years ~ 108 s (~N)
Yes, I can.

But if da=2, 
So can you want
180*3=540 years?
Of course, I can't.



ITP, Department of Physics, CUHK
49

Summary

1. We establish a general relation between the fidelity 
and dynamic structure factor of the driving 
parameter

2. We can learn the universality class of the critical 
phenomena from the fidelity susceptibility.

3. We derive a quantum adiabatic condition for 
quantum many-body systems in the 
thermodynamic limit.
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