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Motivation

* An approximation free physics accurate
model of ZALM is very difficult

» Current models of ZALM are limited by
assumptions

* Models are not easily available for integration
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Full-stack Physics-level model of cascaded
entanglement links
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Our Solution

* Evaluate quantum state with a hybrid CV-DV
modelling, considering Gaussian state nature of
ZALM source.

* |Incorporating frequency dependence starts from
the single-mode model.

 Make these models available open-source, via the
“‘gengo” python toolbox, integrated with
\ QuantumSavory and QuantumSymbolics /
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Hybrid Model Approach
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In|t|aI state can_be represented as a covariance matrix
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Non -gaussian operations performed by basis change
- V|a the K-function formalism
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K-function formalism

[Y) =

K(Za) = (2m) ™" (@ly)

Gagastos and Guha, Phys. Rev. A 99, 053816 (2019)

Pre-detection state (with photon loss) in coherent basis
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Dhara et al, Phys. Rev. Applied 17, 034071 (2022)

Post-detection state in Fock basis
nk) = /dlﬁ * 164 (Hamﬁ ) —5TA
Qmplification via the Hafnian (Wick's Theorem%
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Incorporating Frequency

Bi-Gaussian |SA

* Frequency characteristics of
source represented by the joint
spectral amplitude (JSA) function

 Use Schmidt decomposition of
JSA for orthogonalization

« TMS Hamiltonian is separable
under JSA Schmidt decomp.

 Broadband ZALM source can be
decomposed into multiple single-

mode cascaded sources whose 3

mean photon numbers are

modulated according to the
\\Schmidt coefficients.
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\ Results ,

Bell State P[Generation] vs N
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Usable Photon Distribution over Schmidt modes JSA vs Channelization Engineering
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