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Lipkin-Meshkov-Glick Model (LMG) [1]

▪ መ𝐽𝑥,𝑦,𝑧 =
1

2
σ𝑘=1
𝑁 ො𝜎𝑥,𝑦,𝑧

(𝑘)

collective spin operators

▪ 𝛾𝑥 − interaction strength

▪ 𝑁 − number of atoms

▪ መ𝐽2 − conserved

▪ restriction 𝑗 = Τ𝑁 2
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LMG: QTP, ESQPT and Observables[2]

QPT: Non-
Analytical Ground 

State (GS)

QPT: Non-
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Averages

ESQPT: Density of 
states

ESQPT: 
Observables

Criticality
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𝐻𝐿𝑀𝐺 = −ℎ መ𝐽𝑧 −
𝛾𝑥
𝑁

መ𝐽𝑥
2

Critical Point: 𝛾𝑥
𝑐𝑟 = ℎ for 𝑁 → ∞

[2] S. Dusuel et al., PRB 71 (2005);

P. Ribeiro et al., PRE 78 (2008);

M. Caprio et al. Ann. Phys. 323 (2008)
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LMG: Experiments BEC in a Cavity 

and Hyperfine states [3] 

[3] T. Zibold et al. , PRL 105, 204101 (2010)
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Adiabatic Dynamics in Different 

Systems

Quantum 
Computation

Landau-Zener
Transitions

Universal Scaling
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LMG: Level distance [4] 6

Energetic Gaps

𝐻𝐿𝑀𝐺 = −ℎ መ𝐽𝑧 −
𝛾𝑥
𝑁

መ𝐽𝑥
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Spectrum
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LMG: time-dependent studies [5] 7

𝐻𝐿𝑀𝐺 = −ℎ መ𝐽𝑧 −
𝛾𝑥
𝑁

መ𝐽𝑥
2

Time 𝑡
Previous time-dependent studies: Ground state properties
- Adiabatic/non-adiabatic scaling
- Impact of excited states
- Connection to Landau-Zener-Effect
- Connection to Kibble-Zurek-Mechanism

[5] T. Caneva et al. PRB 78 (2008)

P. Solinas et al. PRA 78 (2008) 

M.J Hwang et al. PRL 115 (2015)
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LMG: adiabaticity of excited states 8

𝐻𝐿𝑀𝐺 = −ℎ መ𝐽𝑧 −
𝛾𝑥
𝑁

መ𝐽𝑥
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Time 𝑡

Protocol:

𝛾𝑥 → 𝛾𝑥 𝑡 =
𝑡

𝑄
𝑡 ∈ [𝑡𝑖 , 𝑡𝑓]

Procedure:

time-local 
eigenstates:

𝐻 𝑡 𝑘 𝑡 = 𝐸𝑘
𝑡 |𝑘 𝑡 ⟩

𝜓 𝑡𝑖 = 𝑘 𝑡𝑖
Schrödinger

Eq.
|𝜓 𝑡 ⟩ Observables

Time-local state occupation (Q= 10/ℎ2)

Res. Energy

Spectral width 𝜎
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LMG: Non-Adiabatic Dynamics 9

Time-local state occupation (Q= 10/ℎ2)

Protocol:

𝛾𝑥 → 𝛾𝑥 𝑡 =
𝑡

𝑄
𝑡 ∈ [𝑡𝑖 , 𝑡𝑓]
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Non-Adiabatic Dynamics 10

𝐻 = −ℎመ𝐽𝑧 −
𝛾𝑥
𝑁

መ𝐽𝑥
2

𝛾𝑥 → 𝛾𝑥 𝑡 =
𝑡

𝑇

Different scaling for different initial excited states

LMG
(ES)QPT 

and
Obsv

Exp
Adiab. 

and ESQPT
Spectral 

width
Scaling

Mean 
Field



LMG: Mean-Field Dynamics 

vs. Quantum

➢ Spin coherent states |𝜃, 𝜑⟩ are the 
closest to the classical one

➢ Visualization on the Bloch Sphere

➢ Express 𝜓 𝑡 in the basis of {|𝜃, 𝜑⟩}

➢ Choose a set of initial condition 
for the mean-field simulation with 
the energy of the eigenstate 
|𝑘 𝑡𝑖 ⟩
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𝐻𝐿𝑀𝐺(𝑡)
Heisenberg-

Eq. 
መ𝐽𝑥 መ𝐽𝑦 ≈ ⟨ መ𝐽𝑥⟩⟨ መ𝐽𝑦⟩

Mean-field
Eqs. for 𝐽𝑥 , 𝐽𝑦, 𝐽𝑧

𝛾𝑥 𝑡

𝐻 = −ℎመ𝐽𝑧 −
𝛾𝑥
𝑁

መ𝐽𝑥
2

𝛾𝑥 → 𝛾𝑥 𝑡 =
𝑡

𝑄

P. Ribeiro et al. PRE 78 

(2008)
G. Engelhardt et al. PRA 91 

(2015)
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LMG: Mean-Field Dynamics 

vs. Quantum
12

𝐻𝐿𝑀𝐺(𝑡)
Heisenberg-

Eq. 
መ𝐽𝑥 መ𝐽𝑦 ≈ ⟨ መ𝐽𝑥⟩⟨ መ𝐽𝑦⟩

Mean-field
Eqs. for 𝐽𝑥 , 𝐽𝑦, 𝐽𝑧

𝛾𝑥 𝑡

𝐻 = −ℎመ𝐽𝑧 −
𝛾𝑥
𝑁

መ𝐽𝑥
2

𝛾𝑥 → 𝛾𝑥 𝑡 =
𝑡

𝑄
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Summary

Non-
Adiabatic
Dynamics

ESQPT

Excited
States 
scaling

Mean-Field 
treatment
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