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ARCHITECTURE OF AN OPTLCAL QUANTUM COMPUTER.

From Quandela Medium Article: How to do computations on an optical quantum computer?
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Photonics Circuits and Transfer Matrix
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Photonics Circuits and Transfer Matrix
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Fock States

Standard Fock States
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Fock States

Standard Fock States

Fock Basis
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Fock States

Standard Fock States
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Fock States

Standard Fock States

[Ny, N2, ..., Nm) -

Fock Basis

B,,ym:{\m,ng,...,nm)f:Zn,-:n}
i

U acts on single photons/creation operators (é,T .. )= vVm+1lo.n+1..))
(U); acts on Fock basis By m

m m )
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Simple Example
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Simple Example
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Simple Example
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Computation Basis States (Cgc C Bn,m)
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Dual-Rail Encoding
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Computation Basis States (Cgc C Bn,m)
|0) = [1,0) - [suffix) » [1) =10,1) - |suffix) -

00) = [1,0,1,0)  [suffix), [01) =[1,0,0,1) . [suffix),

Example suffixes:
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Measurement Methods

Post-Selection
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Measurement Methods

Post-Selection
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Implementing Gates

Want to implement a quantum computing operation U on computation basis (Cgc)
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Implementing Gates

Want to implement a quantum computing operation U on computation basis (Cgc)
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(0)r = 7
My M

Success probability: |a|? (« € C)
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CZ Example - Post-select

3
1 0 0 O
01 0 O
0 01 O
0 0 0 -1

Post-select (sin? @ = 1/3); success probability = 1/9
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CZ Example - Heralded

Heralded (1) = 7, 01 = —0, = 3547, 05 =

Success probability = 2/27
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Problem (General)

Given a quantum computing unitary operation, U, that acts on q qubits, find a photonics circuit,
U, that implements U on its Fock space Uz.
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Problem (General)

Given a quantum computing unitary operation, U, that acts on q qubits, find a photonics circuit,
U, that implements U on its Fock space Uz.

Problem (Optimisation)

Given a quantum computing unitary operation, U, that acts on q qubits, 2q (dual-rail) + m,
(auxiliary) optical wires and a coincidence basis, C; find a dual-rail linear optics operation U that
maximises the likelihood of U occurring.
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SMT Solvers and dReal
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Satisfiability Modulo Theory (SMT)

(a+2b<5v3a—-b<-1)ABa—-b>-1va+6>10)A...,

» Have a dedicated theory solver that can find appropriate values for variables
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Satisfiability Modulo Theory (SMT)

(a+2b<5v3a—-b<-1)ABa—-b>-1va+6>10)A...,

» Have a dedicated theory solver that can find appropriate values for variables
» Solved by using SAT solver + Theory solver (reals, integers, strings, ...)

» Many software tools available: Z3, Yices, cvch, ...
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Non-linear Expressions
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Non-linear Expressions

ab, &, ab?, ...

fla,b,...)=0—|f(a,b,...
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)-Weakening

Non-linear Expressions

ab, &, ab?, ...

fla,b,...)=0—|f(a,b,...)] <9

dReal - §-weakening SMT solver
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Search Algorithm for Photonics Problem
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Finding a /-sat

core = bound A unitary A fockequal

extra constraints
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Finding a /-sat

core = bound A unitary A fockequal

extra constraints

%.!%

d-unitary matrices

unkown /unsat
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Unitary Extraction

Linear Optics Operations

Quantum Computing Operations

4-Unitary

Matrices

* not to scale
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Search Algorithm
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Search Algorithm
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Post-selection: Known Results

» CZ with no auxiliary wires - infeasible
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Post-selection: Known Results

» CZ with no auxiliary wires - infeasible
» CZ with one vacuum wire - infeasible
» CZ with two vacuum wire - replicate known result

» Similar results for CNOT
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Post-selection: CZ with one auxiliary wire

Qubit wires

Auxiliary wire

(n photons)
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Post-selection: CZ with one auxiliary wire
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Post-selection: CZ with one auxiliary wire
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Matches results in Alessio Baldazzi and Lorenzo Pavesi. “Universal multiport interferometers

for post-selected multi-photon gates.” 2024
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Post-selection: Givens Rotation Gates
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Post-selection: Givens Rotation Gates
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Post-selection: Givens Rotation Gates
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Heralded - known results

» CZ with no or one vacuum wire - infeasible
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Heralded - known results

» CZ with no or one vacuum wire - infeasible

» CZ with two vacuum wires - infeasible with probability at least 11%
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Heralded - known results

» CZ with no or one vacuum wire - infeasible
» CZ with two vacuum wires - infeasible with probability at least 11%

» CZ with a single photon down one auxiliary wire - infeasible (also for any number of

photons)
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r
Heralded - known results

» CZ with no or one vacuum wire - infeasible
» CZ with two vacuum wires - infeasible with probability at least 11%

» CZ with a single photon down one auxiliary wire - infeasible (also for any number of

photons)

» CZ with two wires and two photons - unkown (but known in literature)
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r .
Conclusion

» Developed a general method for finding photonics circuits using SMT solvers
» Implemented into Python

» Shown we can replicate results and generate new results for post-selection
Improvements

» Complex numbers (works for single qubit operations, but not higher)

» 3 qubit gates

» Replicate known results for heralded

» Finding bounds to optimal result (based on §)
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