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Integrated photonics

Photonic Integrated Circuit

Lower dimensions
Lower costs
CMOS compatible

Widespread 
diffusion

Efficient
devices

More stable
Lower noise
Lower losses
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Photonic devices fabricated using Silicon and standard Silicon 

processing (Complementary Metal Oxyde Semiconductor 

technology)

Mass manufacturability, low cost, high volumes and 

state of the art performances

Natural way of merging photonics and electronics on 

the same chip

Silicon Photonics
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Years

Microelectronics

Integrated Photonics

A parallel paradigm to success..
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PART 1 (classical=emtheory) 
Simple non-hermitianresonators

PART 2 (quantum=qm theory)
(Non local) photonic entanglement 
and its use in ghost spectroscopy
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Simple non-hermitianresonators
show extra sensitivities

PART 1

The slidesin this chapterare by 
Stefano Biasi and Riccardo Franchi



NanoScienceLaboratory

Hermitianand Non-Hermitian
Hamiltonians

Hermitian Non-Hermitian

Commonly describing non-dissipative physics 
with time-reversalsymmetry 

Commonly describing dissipative physics with 
anti-unitary symmetry 

Hermitian matrices for a two level system Non-Hermitianmatrices 

╗ ╗Ϟ ╗ ╗Ϟ

Ἅ
ⱷ ♫
♫ ⱷ

╒Ϟ Ἆ
ⱷ ♫
♫ ⱷ

╓Ϟ

One-parameter

Photonics isaffectedby losses, therefore its physics isnon-hermitian
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Hermitianand Non-Hermitian
Hamiltonians

Hermitian Non-Hermitian

Commonly describing non-dissipative physics 
with time-reversalsymmetry 

Commonly describing dissipative physics with 
anti-unitary symmetry 
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A microringresonator: stationary 
response

The light coming from the input port couples into the 
resonator with the resonance mode hA

The dynamic of the system can be described thanks to 
the temporal mode theory (TMT):

ɔ The Outgoing field assumes the typical Lorentzian
shape:

S Biasi et al, IEEE Journal of LightwaveTechnology 37, 5091-5099 (2019).
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ɔ

Are the complex 
coupling 

coefficients

Considering the backscattering:

ÅForward propagation
ÅBackward propagation

Temporal coupled mode 
equations

A microringresonator: surface-wall 
roughness 

Stefano Biasi et al, IEEE Photonics Journal 11, 6101114 (2019)
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Writing in the equations in a matrix form (two-level system):

A microringresonator: surface-wall 
roughness 

Stefano Biasi et al, IEEE Photonics Journal 11, 6101114 (2019)
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Hermitian

Writing in the equations in a matrix form (two-level system):

A microringresonator: surface-wall 
roughness 
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Stefano Biasi et al, IEEE Photonics Journal 11, 6101114 (2019)
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A microringresonator: surface-wall 
roughness 

Stefano Biasi et al, IEEE Photonics Journal 11, 6101114 (2019)
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Hermitian and non-Hermitian Physics -
integrated microresonators

Continuous exchange of the same energy 
between the forward and backward mode:   
the doublet is balanced.

Stefano Biasi et al, IEEE Photonics Journal 11, 6101114 (2019)
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Ϟ

Non-Hermitian

Writing in the equations in a matrix form (two-level system):

A microringresonator: surface-wall 
roughness 

‗ȟ ‫ ‍ ‍ Ὥ‎ ɜ

○ȿ○ π

Stefano Biasi et al, IEEE Photonics Journal 11, 6101114 (2019)
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Hermitian and non-Hermitian Physics -
integrated microresonators

Continuous exchange of the same energy 
between the forward and backward mode:   
the doublet is balanced.

Stefano Biasi et al, IEEE Photonics Journal 11, 6101114 (2019)
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In the case of the Backscattering the off-diagonal ̡ coefficients are stochastic!

We need to introduce a non-reciprocal lossinside the cavity:

S-shaped additional crossover waveguide element that selectively couples counter-
propagatingmodesin a propagation-direction-dependentway

A microringresonator: surface-wall 
roughness 

A. Calabrese et al , Photonics Research 8, 1333 (August 2020)
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A Taijimicroresonator
Taiji

ÁForward andReverse have
different reflections

ÁThe Lorentz reciprocity theorem 
ensures the same transmissions

ÁWork in an Exceptional Point

A. Calabrese et al , Photonics Research 8, 1333 (August 2020)
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Gratingcouplers

Taiji: unidirectional reflection 

37
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Taijimicroresonatorexperimentalresults:

Taiji: unidirectional reflection 
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Taiji as a sensor on Exceptional point

‍ ‍ ‍ ‍‏

‍ π ‍ ‍ᶻ‏

ᴘ‗ȟ ‫ ‍z‏‍ ȿ‏‍ȿ

‍ ‍ ḻ‏‍ π

scatterer

Riccardo Franchi et al, Proc. SPIE (Photonics West 2022)
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Taiji as a sensor on Exceptional point
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scatterer

Riccardo Franchi et al, Proc. SPIE (Photonics West 2022)
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Taiji: breaking the Lorentz Reciprocity 
Theorem 

energy inside the microresonator

Riccardo Franchi et al, Optics Express 29, 29615-29630 (2021)

A. Munoz de las Heras et al,PhysicalReview Applied 15, 054044 (2021).
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Taiji: breaking the Lorentz Reciprocity 
Theorem 

energy inside the microresonator

Riccardo Franchi et al, Optics Express 29, 29615-29630 (2021)

A. Munoz de las Heras et al,PhysicalReview Applied 15, 054044 (2021).
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Taiji: breaking the Lorentz Reciprocity 
Theorem 

energy inside the microresonator
Transmission

Riccardo Franchi et al, Optics Express 29, 29615-29630 (2021)

A. Munoz de las Heras et al,PhysicalReview Applied 15, 054044 (2021).
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Taiji: breaking the Lorentz Reciprocity 
Theorem 

energy inside the microresonator
Transmission

Riccardo Franchi et al, Optics Express 29, 29615-29630 (2021)

A. Munoz de las Heras et al,PhysicalReview Applied 15, 054044 (2021).
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Taiji: breaking the Lorentz Reciprocity 
Theorem

Riccardo Franchi et al, Optics Express 29, 29615-29630 (2021)

A. Munoz de las Heras et al,PhysicalReview Applied 15, 054044 (2021).
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(Non local) photonic entanglement 
and its use in ghost spectroscopy

PART 2
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Quantum at Trento


