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Optical quantum computing

Photons as carriers of quantum information

e Quick propagation

® Resistant to decoherence

e Mature infrastructure for control

e Easy interfacing with other guantum systems

Micius satellite for QKD
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Optical quantum computing

Programmable linear optical networks

e Q. state generation
e Q. communication
e Q. information processing

e Q. Machine learning
° ..

Linear operation

U

Quantum sources

Pi Imaging

Detection




Optical quantum computing

Programmable linear optical networks

e Q. state generation
e Q. communication
e Q. information processing

e Q. Machine learning
° ..

Typical implementation: integrated circuits -

Larger operations -> Complex scaling
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Programmable linear network

Alternative method: mode mixing in complex media

Input Mode
Mapping

A. Cavallles et al, Optics Express 30, 17 30058-30065 (2022)



Programmable linear network

Alternative method: mode mixing in complex media

Example circuit L{

Detection

Input Mode
Mapping

Focus Spots
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Circuit implementation



Programmable linear network

Alternative method: mode mixing in complex media

(2) SLM
Detection
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2 inputs

Output detection: fibered or free space
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Programmable linear network

The process

e Holography: measure medium’s transfer matrix

Inputs (Founer Basis Masks)
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Programmable linear network

The process

e Holography: measure medium’s transfer matrix
e Implement desired output by applying inverse
of TM using SLM lout > =TM |in >
lout > =TM *TM~'U |in >

0
50
100

100

150

200
250

300

200

300

350

400

400

0 2 O 0 400 0 100 200 300 400

10 Output without control

- 400

- 350

- 300

250

200

150

100

50

0

Incoming

Scattering
mec!ium

CCD camera

Hugo Defienne, Quantum walks of photons in
disordered media (2015)

0

50

100

150

200

250

300

350

400
0 100 200 300 400

Controlled output via SLM

- 400

- 350

- 300

250

200

150

100

50

0




Programmable linear network

The process

Incoming

e Holography: measure medium’s transfer matrix

Scattering

A
nﬂ“ ”» ‘\s“'
“g.' »

Fibers

CCD camera

e Implement desired output by applying inverse * adiam _
Of TM USing SI-M Hugo Defienne, Quantum walks of photons in
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Programmable linear network

The process

Incoming

e Holography: measure medium’s transfer matrix

Scattering
med_ium

e Implement desired output by applying inverse
of TM using SLM

Hugo Defienne, Quantum walks of photons in
disordered media (2015)

Our study: Extend to several inputs
(2) SLM

Detection

Input Mode . ,
Mapping - MMF

8 inputs
Input layout
at SLM
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Results

Goals

e Exploring scalability
® Assess performance (fidelity and losses)

Detection

Input Mode
Mapping
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Results
Using Array of 23 APDs
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Results
Using Array of 23 APDs
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Using Array of 23 APDs
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Results
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Performance

e Amplitude fidelity in excess of 93%
e Losses increase quickly with increase of inputs - = o |-
e Stability over > 10 days gl el R JUIRLIY -
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Takeaways
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Performance
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e Promising alternative platform
e Reconfigurability at speed and complexity

independent of scale of circuits el e

e Mitigation of losses a must for NISQ
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