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Quantum speed limit (QSL) time

• Isolated systems (unitary dynamics)

..1 Mandelstam-Tamm bound [J. Phys. (USSR) 9, 249 (1945)]

τ ≥ τQSL =
π

2

~
∆H

..2 Margolus-Levitin bound [Phys. D 120, 188 (1998)]

τ ≥ τQSL =
π

2

~
⟨H⟩ − E0

..3 Unified bound [S. Deffner and S. Campbell, J. Phys. A: Math. Theor. 50, 453001
(2017)]

τQSL = max
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~
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π
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~
⟨H⟩ − E0

}

[M. R. Frey, Quantum Inf. Process. 15, 3919 (2016)]
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Quantum speed limit (QSL) time

• Open systems (non-unitary dynamics)

..1 M. M. Taddei, M. B. Escher, L. Davidovich, and R. L. de Matos Filho,
Phys. Rev. Lett. 110, 050402 (2013)

..2 A. del Campo, I. L. Egusquiza, M. B. Plenio, and S. F. Huelga, Phys. Rev. Lett.
110, 050403 (2013)

..3 S. Deffner and E. Lutz, Phys. Rev. Lett. 111, 010402 (2013)

τQSL = [sin2 B(ρ0, ρτ )]max

{
1

Λ1
τ

,
1

Λ2
τ

,
1

Λ∞
τ

}

B(ρ0, ρτ ) = arccos
√

⟨ψ0|ρτ |ψ0⟩, Λp
τ = (1/τ)

∫ τ

0
dt||L(ρt)||p, ||A||p =

(∑n
j=1 α

p
j

)1/p

..4 A. D. Cimmarusti, Z. Yan, B. D. Patterson, L. P. Corcos, L. A. Orozco, and
S. Deffner, Phys. Rev. Lett. 114, 233602 (2015)
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QSL time in Lipkin model

H = −2sz −
λ

N
(J+J− + J−J+)− 2Jz − λ′(s+J− + s−J+)

[L. Hou, B. Shao, and J. Zou, Eur. Phys. J. D 70, 35 (2016)]
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Model and QSL time

H = σz −
4(1− α)

N
J2x + α

(
Jz +

N

2

)
+ λσzJz
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..1 Critical coupling [A. Relano, et al., Phys. Rev. A 78, 060102(R) (2008),
P. Perez-Fernandez, et al., Phys. Rev. A 80, 032111 (2009)]

λc =
1

2
(4− 5α)

..2 Initial state

|Φ(0)⟩ = [cos(θ/2)|0⟩+ e−iϕ sin(θ/2)|1⟩]⊗ |Ψ0
E(G )⟩

..3 QSL time

τQSL =
sin(θ){1−R[M(τe)]}
(1/τe)

∫ τe
0 dt|∂tM(t)|

M(t) = ⟨Ψ0
E(G )|e−iH1

E |Ψ0
E(G )⟩
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Non-Markovianity

N = max
ρ1,2(0)

∫
η>0

η[t, ρ1,2(0)]dt

η[t, ρ1,2(0)] = ∂tD[ρ1(t), ρ2(t)]

D[ρ1(t), ρ2(t)] = Tr|ρ1(t)− ρ2(t)|/2

 =⇒

N =
1

2

[∫ τe

0
|∂tD(t)|dt + |M(τe)| − 1

]
D(t) = |M(t)|
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Summary

• The QSL time exhibits a sharp peak at the critical point of ESQPT;

• At the critical point, increase the size of environment will lead to the QSL time
approach the actual evoultion time;

• In contrast to the ground state QPT, the critical behavior of QSL time in ESQPT
case can not be interpreted via the Markovian nature of the environment.

Thank you!


