
Collisional Thermometry for Gaussian Systems
Gabriel O. Alves 1, Marcelo A. F. Santos 2, Gabriel T. Landi 3
1Max Planck Institute for the Physics of Complex Systems, 01187 Dresden, Germany

2Instituto de Física Teórica, UNESP-Universidade Estadual Paulista, São Paulo 01140-070, São Paulo, Brazil

3Department of Physics and Astronomy, University of Rochester, Rochester, New York 14627, USA

Introduction

Key open question: how does the Quantum Fisher Informa-
tion (QFI) scale? Gaussian collision models allow for the
scaling of the QFI to be evaluated for arbitrarily large sizes.
We provide a simple phenomenological analysis for the be-
havior of the QFI, estimating the asymptotic Fisher informa-
tion density and its scaling.
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- Beam splitter + two-mode squeezing Hamiltonian:

σSAi 7→ Ui(σSAi) = SiσSAiS
T
i (1)

- Dissipative map through a Lindbladian:

σS 7→ XσSXT + Y, (2)

- Compute the N-ancillae steady state ΣN = GTrS
[
σN] .

Results

One can employ a simple expression to compute the QFI:

F(θ) =
1
2
⟨∂σθ| D(σθ)

−1 |∂σθ⟩ , (3)

defining the operator D(C) := (C ⊗ C + Ω ⊗ Ω) [2]. Our
trick: perform a sympletic diagonalization beforehand!

Compute σ = SWST, given the symplectic eigenvalues
computed from iΩσ. The QFI depends now on very sparse
objects:

F(θ) =
1
2
⟨∂σθ| (S⊗ S)−TD(W)−1(S⊗ S)−1 |∂σθ⟩ . (4)
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Through a numerical analysis we obtain a fit for the QFI den-
sity. The QFI density scales like a sigmoid:

fN+1 = f1 + (f∞ − f1)
N√

α2 + N2
. (5)

One can define a QFI rate f∞ := limN→∞ fN, which can
be achieved with precision ϵ for states with at least N∗ ∼
αϵ−1/2 ancillae (for f∞ ≫ f1).
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