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We rewrite laser-dressed photoionisation using the formalism of Quantum Information Theory,
allowing the use of already existing tools to describe photoelectron density matrices.
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Figure 1: a) Spectrogram, b) density matrix and c) Wigner distribution of the electron wavepacket

The probability S(p,τ) of measuring an electron with a given momentum p during laser-
dressed photoionisation with laser-XUV delay τ , that is the so-called spectrogram, is often de-
scribed using the Strong Field Approximation (SFA) [1]. We show that it can be rewritten as a
Positive Operator-Valued Measure (POVM) of the electronic density matrix ρ̂E , where the set of
quantum operators M̂p,τ contains the influence of the dressing laser pulse, or equivalently as an
overlap of two Wigner functions [2].

S(p,τ) = Tr(ρ̂EM̂p,τ) =
∫ ∫

dΩ dt WE(Ω, t)Wp,τ(Ω, t) (1)

Using the tools developed in Quantum Information Theory [3], we then identify which experi-
mental conditions are required to perform a quantum tomography of photoelectron with guaran-
teed high fidelity. This paves the way to the study of electron-ion entanglement with laser-dressed
photoionisation.

References

[1] V. Yakovlev et al., Phys. Rev. Lett. 105, (2010), 073001
[2] C. Bourassin-Bouchet et al., Phys. Rev. X 10, (2020), 031048
[3] A. I. Lvovsky and M. G. Raymer, Rev. Mod. Phys. 81, (2009), 299


