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A low coherence interferometer 
+ Lateral scanner

What is 

Optical Coherence 
Tomography?
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NOISE STUDEIS IN OPTICAL COHERNCE TOMOGRAPHY

Balanced versus non balanced OCT configurations

SN
EPN
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When the optical power is larger than 2e optical bandwidth, EPN > SN

SN
EPN

Quantum efficiency, in Silicon, a = 0.5 InGaAS , a = 1

e = 1.6 10 -19,  Bandwidth 10 THz, Current = 1.6 mA

Silicon, P> 3.2 microwatts InGaAS , P>1.6 microwatts

EPN dominates, Bose Einstein more than Poisson

Bunching of photons, g2 > 1
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Photon statistics analyze the particle-like fluctuations in the number 

of photons within light, classifying light sources based on how 

photons arrive, such as: 

Poissonian (lasers), 

sub-Poissonian (single-photon emitters), 

or super-Poissonian (thermal light).

These statistics are crucial for quantum optics, characterizing light-

matter interaction through photon counting, 

bunching, 

or anti-bunching behavior
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•Poissonian Statistics (Coherent Light): Photons are completely 

uncorrelated, typical of a well-stabilized laser. 

•The variance equals the mean

Super-Poissonian Statistics (Thermal/Thermalized Light): Photons 

tend to "bunch" or arrive together, following Bose-Einstein 

statistics, such as light from a bulb or star. 

Variance is greater than the mean. In OCT, the excess of noise in 

top of the mean is called excess photon noise.

Sub-Poissonian Statistics (Non-classical Light): Photons are 

anti-bunched, arriving more regularly than random, common in 

single-photon sources. Variance is less than the mean
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Second-order Correlation \(g^{(2)}(\tau)\):
Quantifies photon correlations, with \(g^{(2)}(0) < 1\) 
indicating anti-bunching (non-classical) and 
\(g^{(2)}(0) > 1\) indicating bunching.

Applications: Essential for quantum communication, 
improving imaging resolution, and enhancing precision 
in quantum metrology
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Photon Bunching: Photons tend to arrive in pairs or 

groups (e.g., in thermal light).

Antibunching: Photons arrive at separate intervals, 

characteristic of single-photon emitters.

Shot Noise: The fundamental limit of measurement noise 

caused by the discrete nature of photons.

Thermal sources, Tungsten lamp, Xenon lamp, SLDs, 

Supercontinuum source

Tunable very narrow band lasers
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The pioneering experiments by Hanbury-Brown and Twiss, and the 

subsequent development of the quantum theory of electromagnetic 

radiation by Glauber and Sudarshan, raised the interest in the 

question of photon statistics. It followed from their theories that 

states of the electromagnetic field which can only exist in a quantum 

treatment. 

These nonclassical states show up in photon statistics through the 

phenomenon of antibunching. Later, further nonclassical states of 

the radiation field were found in the so-called squeezed fields, which 

are fields with phase-sensitive quantum fluctuations .

In order to achieve squeezing of laser radiation, various forms of 

nonlinear optical interactions can be used.

https://www.sciencedirect.com/topics/physics-and-astronomy/quantum-theory
https://www.sciencedirect.com/topics/physics-and-astronomy/electromagnetic-radiation
https://www.sciencedirect.com/topics/physics-and-astronomy/electromagnetic-fields
https://www.sciencedirect.com/topics/physics-and-astronomy/quantum-fluctuation
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in contrast with 

its classical 

counterpart,

QOCT provides 

resolution 

enhancement 

and dispersion 

cancellation.
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SEQUOIA is a Horizon Europe project to research the development 

of optical coherence tomography (OCT) using quantum 

techniques. OCT is a key imaging technology, allowing non-contact 

high resolution 3D imaging which has been successfully used for 

decades in fields from medicine to industrial testing. 

What could QOCT offer?

State-of-the-art OCT seems to have reached its limit at ~1 micron 

axial resolution. Theory suggests that quantum OCT (QOCT) could 

half this to 0.5 microns and greatly reduce dispersion. In addition, 

control of the quantum property of orbital angular momentum (OAM) 

reduces noise and improves edge and surface profile definition and 

discrimination of chiral objects.



6/05/2026 Quantum Kent

SEQUOIA
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 Spectrometer based 
(interferometer + spectrometer)  

SPECTRAL OCT

 Tuning laser based 
(interferometer + tunable laser)

SWEPT SOURCE OCT

Modern OCT Technologies are based on 
encoding path onto the optical 

spectrum:
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COHERENCE GATING
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Generic Camera 
based

(Spectral) 
OCT system

Generic Swept 
Source 

(Swept source) 
OCT system 

Spectral Domain-OCT

BROADBAND
(High axial 
resolution)

MAX. 
300 KHz

ULTRA HIGH 
SPEED

Over 100 
MHz
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OPD = 6 axial 
resolution intervals

Wavelength, 

wavenumber or 

optical frequency

Time

OPD = 16 axial resolution intervals

A FOURIER TRANSFORM OF THE ELECTRICAL SIGNAL 
DELIVERED BY A SPECTROMETER OR A PHOTODETECTOR 
LEADS TO A REFLECTIVITY PROFILE IN DEPTH: A-SCAN

DEPTH (OPD)
A-SCAN

Channeled 

spectrum
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This detection scheme is 
based on the concept of 
dispersive Fourier 
transformation, where a 
fiber introduces a 
wavelength-dependent 
time delay measured by a 
single-pixel detector, 
usually a high-speed 
photoreceiver. 

Here, a fast superconducting single-photon detector SSPD as a single-
pixel detector and obtain images of a glass stack and a slice of onion 
at the intensity levels of the order of 10 pW.
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(Scontel) whose detection range is 350–2300 nm and

with a peak quantum efficiency approximately 65% at 1550 nm
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CONCLUSIONS

AOG can be engaged in Quantum research, via: 

1. analysis of photon statistics:

2. Spectral OCT using attenuation of light until 
single photons are photodetected and spectrum 
modulation is obtained from time of flight 
statistics; missing superconducting SPD

3. QOCT using entangled states: missing 
SPONTANOEUS PARAMETRIC DOWN CONVERSION  
crystal. 


