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Have you ever seen the shadow of a laser beam?



Inspiration





Light does not have a shadow



What is a shadow?
Shadow: a dark area on a surface where light has been blocked by an object.



What is a shadow?
Shadow: a dark area on a surface where light has been blocked by an object.

Criteria list:
(i) it is a large-scale effect
(ii) visible by eye on ordinary surfaces
(iii) it is due to the object blocking the illumination light
(iv) it takes the shape of the illuminated object
(v) follows as the object changes position or shape
(vi) the shadow follows the contour of the object it falls on







Most materials becomes more transparent in the presence of a strong 
laser field.

This would lead to an “anti-shadow” where the shadow location of the 
laser beam appears brighter than the background.



However, some materials can exhibit an increase in absorption at higher 
intensities under certain conditions. → reverse saturation of absorption



However, some materials can exhibit an increase in absorption at higher 
intensities under certain conditions. → reverse saturation of absorption

•More than two-level system.
•The excited state must have a larger absorption cross-section than the ground 
state. 

•Neither the first nor the second excited states should decay to other levels that 
can trap the atomic population. 

•The incident light should saturate the first transition only. 



Al2O3:Cr

Ruby satisfies all these conditions





Side curiosity

Theodore H. Maiman also 
used ruby in the first laser.
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Criteria list:
(i) it is a large-scale effect
(ii) visible by eye on ordinary surfaces
(iii) it is due to the object blocking the illumination light
(iv) it takes the shape of the illuminated object
(v) follows as the object changes position or shape
(vi) the shadow follows the contour of the object it falls on



So… what causes the shadow?

Are the photons in the object laser 
themselves blocking the illuminating 
light? Or are the atoms in the ruby?



Both! Actually, it is a polariton.

Polariton: a hybrid state between photons and matter.

Polaritons are interesting in their own right 
and a active area of research in condensed 
matter. 



"We are in the presence of strong absorption (hence the shadow) and the polaritonic 
nature of the excitation in the medium, and both concepts are necessary to understand 
what is happening. Strictly speaking, it is not massless light that is creating the shadow, 
but it is the material counterpart of the polariton, which has mass, that is casting the 
shadow.”

We intentionally highlighted that in the paper!







Potential new applications

Optical switcher

Control of the intensity of a transmitted 
laser beam by applying another laser

Outlook

Other materials

Other wavelengths



Quantum telescopes



Achieved by radio interferometry

sensitive to features  
on angular scale 

  ∆ 𝜃~ 𝜆
𝑏



sensitive to features  
on angular scale 

  ∆ 𝜃~ 𝜆
𝑏

https://iopscience.iop.org/journal/2041-8205/page/Focus_on_EHT



Radio Optical𝑛̄ ≫ 1 𝑛̄ ≪ 1

Can record entire waveform, 
over some band, separately 
at each receiver station and 
interfere later offline

Need to bring paths to common point in real 
time 
Need path length compensated to better 
than c/bandwidth 
Need path length stabilized to better than  𝜆



CHARA (Center for High Angular Resolution Astronomy) Observatory

Beam line path length control at CHARA

Question: How to get to longer baselines?  

baselines up to 330m









Longer-Baseline Telescopes Using Quantum Repeaters
PRL 2012

Seminal work in the field

Very interesting

Not feasible with current 
quantum technology

Cost? Scale?

Gottesman, D. "Quantum telescopes." Optical 
and Infrared Interferometry and Imaging VII. 
Vol. 11446. SPIE, 2020.



There is an alternative!



One photon from Source 1 
arrives at a and e
|0⟩L|1⟩R +eiδ1 |1⟩L|0⟩R 

Another photon from 
Source 2 arrives at b and f

|0⟩L|1⟩R +eiδ2 |1⟩L|0⟩R 

(path entanglement)

Stankus et al. 
Two-photon amplitude interferometry for precision astrometry 
The Open Journal of Astrophysics 2022



Output

In some cases, we get Hong–Ou–Mandel 
cancellations. 

A combination of both the HBT 
and HOM effects.



Hanbury Brown - Twiss effect
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Hanbury Brown - Twiss effect

Light source

Detector 1

Detector 2

Baseline 
distance

HBT:  
• the bunching of photons coming from a thermal light source 
• produces an enhancement in the rate of photon coincidences, creating a 

peak in the distribution of pair arrival time differences ∆t 



Hanbury Brown - Twiss effect

Light source

Detector 1

Detector 2

Baseline 
distance

Crucial for the development of Quantum Optics

Roy Glauber (Physics Nobel, 2005)



Hanbury Brown - Twiss effect

Light source

Detector 1

Detector 2

Baseline 
distance

Baym, Gordon. "The physics of Hanbury Brown--Twiss intensity 
interferometry: from stars to nuclear collisions." arXiv preprint nucl-
th/9804026 (1998).

Applications in many areas: nuclear physics



Hanbury Brown - Twiss effect



Hanbury Brown - Twiss effect



Hanbury Brown - Twiss effect



A side note …



Incoherent source: traditonal scheme
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Incoherent source: count scheme

γ = 0.096 ± 0.022 φ = 4.32 ± 0.25
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Hong-Ou-Mandel Effect



Hong-Ou-Mandel Effect

C.-K. Hong, Z.-Y. Ou, and L. Mandel, “Measurement of subpicosecond 
time intervals between two photons by interference,” Physical Review 
Letters, vol. 59, no. 18, p. 2044, 1987.



Another side note …



Longer-Baseline Telescopes Using Quantum Repeaters
PRL 2012

No need for optical connection 
between base stations 

Enable long distance baseline 

Requires 2 photons → brighter 
objects

Two-photon amplitude interferometry for precision astrometry
The Open Journal of Astrophysics 2022



Many great applications in 
Astrophysics and Cosmology



Proof-of-principle tabletop experiment





HBT peaks







Phase Oscillations



Visibility



Expanding the tool box
+

Spectral binning

Image generated by IA

The spectral binning technique enable 
us to essentially perform multiple 
measurements together, because each 
frequency can be treated as an 
independent measurement.

Image generated by IA



LinoSPAD2 

• 512 pixels 
• 26.2 μm × 26.2 μm 

pixel size  
• fast data-driven 

operation 

•

Collaborations: 
École Polytechnique Fédérale de Lausanne (EPFL) 

AQUA - Advanced Quantum Architecture Laboratory 
Czech Technical University in Prague

\





Single-Photon Source: Spontaneous Parametric Down-Conversion

SPDC
Nonlinear

Probabilistic

SPDC: Spontaneous Parametric Down Conversion

Credit Image:  
Broome et al., Opt. Express 19, 22698-22708 (2011)







We need • Good spectral resolution


• Good temporal resolution


• Single-photon sensitivity


• Decent detection efficiency 

• Room temperature operation
We would like

For multifrequency HBT



We need • Good spectral resolution


• Good temporal resolution


• Single-photon sensitivity


• Decent detection efficiency 

• Room temperature operation
We would like

For multifrequency HBT

Not an easy list, but we did!













1 m delay fibre







This allows:


• Shorter data taking times


• More information for the same data taking duration

We are clearly in the multifrequency regime.

This quantum technology can benefit 
current classical observatories!



Instead of working with one frequency at a time, we can 
work with multiple frequencies at the same time.

This allows:


• Shorter data taking times


• More information for the same data taking duration

We are clearly in the multifrequency regime.

This quantum technology can benefit 
current classical observatories!

Spectral binning:

Can also benefit quantum information





Technology development

Photonic Lantern - partnership with UCF - Astrophotonics group

T. A. Birks, I. Gris-Sánchez, S. Yerolatsitis, S. G. Leon-Saval, and R. R. 
Thomson, "The photonic lantern," Adv. Opt. Photon. 7, 107-167 (2015)







Collaboration with CHARA



Collaboration with CHARA



Collaboration with CHARA



Collaboration with CHARA 
Last week



Raphael Abrahao

rakelabra@bnl.gov


