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Motivation





Landauer’s principle 

Irreversible bit operation  energy dissipation ⇒

E ≥ kBT ln 2

Simulating Logic



Simulating Logic



Simulating Logic

Half-Adder classical fidelity: 60.6%
Equivalent two-qubit fidelity: 95.5%



Simulating Logic
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Limitations of 

Quantum Control



Limitations of Quantum Control



• Mandelstam and Tamm: 

 

• Margolus and Levitin: 

  

Fast operations need more energy

ΔH Δt ≥ ℏθ

⟨H − E0⟩ Δt ≥ ℏθ

Quantum Speed Limits



• Cavity system: a QHO drive and logical qubit 

• Interacting via the Jaynes-Cummings (JC) Hamiltonian 

H = iℏg (bℓ† − b†ℓ)

Limitations of Quantum Control



• As in Quantum Speed Limits, we also want to control  and , so we pick a 
binomial distribution state for the drive

⟨H⟩ ΔH

bn =
1
2n̄ ( NΔn

kn̄,Δn)

Energy and Fidelity in Driven QS



•  

• We can quantify the error by the purity 

 

• The average error grows as 

 

and 

ρt = trdrive|Ψ(t)⟩⟨Ψ(t)|

ϵt = 1 − tr(ρ2
t )

ϵ̄t ∼
g2s
6

t2 +
sin (g n̄t)

2

6sn̄
s = Δn2/n̄

Proposition 1
Limitations of Quantum Control



• Now, suppose we want to rotate the qubit by 
 in its Hilbert space 

• In the JC case, have 

, 

• The QSLs imply that 

.

θ

ΔH ≈ ⟨H⟩ ∼ ℏg n̄

Δtgate ≳
θ

g n̄

Proposition 2
Energy and Fidelity in Driven QS



• Therefore, the energy-fidelity trade-off is seen as a balance between 

1. Depolarising-like noise that grows with time; and 

2. Minimum gate time due to a Quantum Speed Limit

⟹ ε ∼
1

⟨Hdrive⟩

Energy and Fidelity in Driven QS



Limitations of Quantum Control



Driven quantum systems may suffer 
from a minimal energy requirement 

 

We connected this bound to 
Quantum Speed Limits (QSLs).

ε ≳ 1/E

Energy and Fidelity in Driven QS
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Efficient cooling of 
Trapped Electrons



Efficient cooling of trapped electrons



Efficient cooling of trapped electrons



Efficient cooling of trapped electrons

⟨a†
φaφ⟩ = n̄(Ω) ≡

1
eℏΩ/kBT − 1

≈
kBT
ℏΩ



Interaction picture

d
dt [

̂a
̂aϕ] = [0 −g

g −κ/2] [
̂a
̂aϕ] + [

0
κ b̂]

Efficient cooling of trapped electrons



Efficient cooling of trapped electrons



Other things



Other things

Tr(ρ1⋯ρn)



Other things



Other things



Bottom line


