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Since the early years of the Galileo Galilei’s “Occhialino” - 
“ un occhialino per veder da vicino le cose minime” - brillantly 
renamed, on April 13th 1625 in a letter written to Federico 
Cesi, as “Microscopium” by Johannes Faber (1574-1629), it 
was evident the potential of such an optical tool.

A great experiment that aims to create a method for the scientifi


combining    fi 



Palermo, SIF 2025 
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For a cell with a refractive index, n, between 1.3 and 1.5 in the visible spectrum, light traveling through a thickness of 10 
micrometers (10^-6 meters) would take approximately 0.033 femtoseconds (3.3 x 10^-14 seconds) to pass through. 



Credit: Colin JR Sheppard
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Image credit: Allen Institute

Diaspro, P.Bianchini, L.Cuneo, The artificial microscope, in Proc. of European Optical Society Annual Meeting, Dijon 2023 





Credit:David Jameson





Paramecium primaurelia, approx. 100 um long - credit: Paola Ramoino, UNIGE



https://zeiss-campus.magnet.fsu.edu/articles/basics/fluorescence.html
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Ciliated Protozoa (Fabrea Salina)

Giuliano Colombetti, IBF CNR, Pisa

Colombetti G., Checcucci G., Lucia S., Usai C., Ramoino P., Bianchini P.,
 Pesce M., Vicidomini G., Diaspro A. (2007).Microsc Res Tech. 70(12), 1028–33 

javascript:AL_get(this,%20'jour',%20'Microsc%20Res%20Tech.');%22%20%5Co%20%22Microscopy%20research%20and%20technique.


Maria Göppert-Mayer predicted 
that an atom or a molecule 

could interact with two 
photon(s) simultaneously by 
absorbing them in the  very 

same quantum event (1929).

Sheppard CJR and Kompfner R. Applied Optics .17: 2879–2882 (1978) 
Denk, W., Strickler, J.H. & Webb, W.W. Science 248, 73–76 (1990).

Diaspro et al., Quart. Rev. .Biophys. (2005) 38 (2): 1-72 .

Credit:BRAD AMOS
 MRC UK

TWO-PHOTON EXCITATION MICROSCOPY
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4D (x-y-z-t) 2PE 
switching

APL 91, 133902 (2007).

Cell, Vol 134, 135-147 (2008)

Diaspro Lab PA-GFP

SCHNEIDER M., BAROZZI S., TESTA I., FARETTA M., DIASPRO A. (2005)  BIOPHYS. J., vol.89(2)



Andy Massey - https://jphysplus.wordpress.com/2017/08/04/super-resolving-cell-biology-problems/ 

There is a new visible world discovered to the understanding. Robert Hooke, Micrographia 1665

Ångström fluorescence
microscopy
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There is a new visible world discovered to the understanding. Robert Hooke, Micrographia 1665

Ångström fluorescence
microscopy



• Julia Mahamid et al. ,Visualizing the molecular sociology at the HeLa cell nuclear periphery.Science351,969-972(2016)



Slide credit: Francesca Badini, DiasproLab, IIT

The mission/target: tuning the optical microscope across spatial dimension from micron to nanometers



Ou, H.D., S. Phan, T.J. Deerinck, A. Thor, M.H. Ellisman, and 
C.C. O’Shea. ChromEMT: Visualizing 3D chromatin structure 
and compaction ninterphase and mitotic cells. Science, 2017

A scheme for hierarchical chromatin organization inside the cell nucleus.

Kazuhiro Maeshima, Sachiko Tamura, Jeffrey C. Hansen, Yuji Itoh,

Fluid-like chromatin: Toward understanding the real chromatin organization present in the cell,


Current Opinion in Cell Biology, 2020.



Rotkevich M, Viana C, Neguembor MV, Cosma MP. Deep learning in chromatin organization: from super-resolution microscopy to clinical applications. Cell Mol Life Sci. 2025  82(1):323.

Acosta, N., Gong, R., Su, Y. et al. Three-color single-molecule localization microscopy in chromatin. Light Sci Appl 14, 123 (2025)



L.Lanzanò, E.Cerutti et al.

@Nanoscopy

I.Cainero, C.Usai et al

.@Nanoscopy

F.Baldiniet al.@Nanoscopy



Diaspro Lab, set-up
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Diaspro Lab 2025
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  Multimodal Optical Microscopy Image Correlation Sensing



Why STED Super-Resolution?
“…for realistic, quantitative descriptions at nano-scale resolution of the dynamics of the complex, 
multidimensional molecular biological processes that define the phenotypes of all life forms.”

Super Resolution
Måns Ehrenberg   Nobel Committee for Chemistry - Scientific Background on the Nobel Prize in Chemistry 2014 

Prakash, K. & Curd, A. P. Assessment of 3D MINFLUX data for quantitative structural biology in cells. Nat. Methods (2022). 



Sigal YM, Zhou R, Zhuang X. Visualizing and discovering cellular structures with super-resolution microscopy. Science. 2018

2014



Diaspro A., et al. Optics Express, 2006

Single-molecule - Super resolution

Cella Zanacchi F., Lavagnino Z., Perrone Donnorso 
M., Del Bue A., Furia L., Faretta M., Diaspro A. 
Nature Methods (2011)



M.Castello et al. (2019)

39





S l i d e  c r e d i t :  P a o l o  B i a n c h i n i ,  G i u s e p p e  V i c i d o m i n i

The resolution/SNR trade-off is overcome 
with a single photon avalanche diode (SPAD) 
array detector. 

Detector arrays transformed CLSM into ISM: 
a practical super-resolution technique 

• Every pixel (0.28 AU) acts as a small 
pinhole  

 high resolution 

• A large detector ensures a good collection 
efficiency  high SNR

→

→

Image 
plane

- Marco Castello, Colin J. R. Sheppard, Alberto Diaspro, and Giuseppe Vicidomini,  "Image scanning microscopy with a quadrant detector," Opt. Lett. 40, 5355-5358 (2015)

- Sheppard CJR, Castello M, Tortarolo G, Zunino A, Slenders E, Bianchini P, Vicidomini G, Diaspro A. Background Rejection in Two-Photon Fluorescence Image Scanning 
Microscopy. Photonics. 2023;10(5):601.

- Tortarolo G, Zunino A, Fersini F, Castello M, Piazza S, Sheppard CJR, Bianchini P, Diaspro A, Koho S, Vicidomini G. Focus image scanning microscopy for sharp and 
gentle super-resolved microscopy. Nat Commun. 2022;13(1):7723.



Hold-OFF 
Time

Afterpulsing 
probability

50 ns 6,5%

100 ns 2,4%

200 ns 1,4%

SPADs Crosstalk probability

First neighbors - 
orthogonal < 1%

First neighbors - 
diagonal < 0,2%

the first detector array specifically designed for microscopy

future improvement: 
 micro lenses array( )

features: 
5 x 5 matrix 

75 µm pitch  

each detector: 50 µm x 50 µm active area 

fill factor =    ≈ 44% 

25 TTL-like signals, up to 20 MHz 

PDE up to 45% 

dark count <100 cps @25°C

502

752

Time jitter  120/150 ps

Marco Castello, Colin J. R. Sheppard, Alberto Diaspro, and Giuseppe Vicidomini,  "Image scanning microscopy with a quadrant detector," Opt. Lett. 40, 5355-5358 (2015)
Mauro Buttafava, et al. SPAD-based asynchronous-readout array detectors for image scanning microscopy. Optica, 2020







Decoding of hidden spatial  information
The challenge of increasing spatial resolution in 

microscopy is translated into a spectroscopy problem

For instance, spatial information can be ‘encoded’ 
in the temporal dynamics of fluorescence

In
te
ns
ity

Time

I(x,y,t)

L.Lanzanò, I. Coto Hernandez, M.Castello, E.Gratton, A.Diaspro, G.Vicidomini, Nature Comm.(2015) -
ENCODING TIME - DECODING SPACE



Image credit: Paolo Bianchini, DiasproLab

 Diaspro Lab



F. Balzarotti, Y. Eilers, K. C. Gwosch, A. H. Gynnå, V. Westphal, F. D. Stefani, J. Elf, S. W. Hell, 
Nanometer resolution imaging and tracking of fluorescent molecules with minimal photon fluxes. Science (2017).



Salerno, M., Bazzurro, V., Angeli, E., Bianchini, P., Roushenas, M., Pakravanan, K. and Diaspro, A. MINFLUX Nanoscopy: A “Brilliant” Technique Promising Major Breakthrough. Microsc Res Tech. (2025),



D. Palounek, et al.  ACS Photonics 2024, 11, 3907−3921

F. Balzarotti, Y. Eilers, K. C. Gwosch, A. H. Gynnå, V. Westphal, F. D. Stefani, 
J. Elf, S. W. Hell, Nanometer resolution imaging and tracking of fluorescent 
molecules with minimal photon fluxes. Science 355, 606–612 (2017).

StefaniLab - Lucía Lopez, et al. Open-
source Sub-Nanometer Stabilization 
System for Super-resolution Fluorescence 
Microscopy, 17 April 2025, PREPRINT 
available at Research Square [https://
doi.org/10.21203/rs.3.rs-6131181/v1]

A.Diaspro, P.Bianchini (2020) Optical Nanoscopy, Riv. Nuovo Cim. 
M. Salerno, etal.A. MINFLUX Nanoscopy: A “Brilliant” Technique Promising Major Breakthrough. Microsc Res Tech. (2025),



F. Balzarotti, et al. Science 355, 606–612 (2017). Vignette credit: Alexandra Luca 
DiasproLab



Salerno, M., Bazzurro, V., Angeli, E., Bianchini, P., Roushenas, M., Pakravanan, K. and Diaspro, A. 
MINFLUX Nanoscopy: A “Brilliant” Technique Promising Major Breakthrough. Microsc Res Tech. (2025),

3D of nuclear pores, z-position coded.
Image by Clara Guerth & Virginia Bazzurro, Heidelberg, EMBL course 

Overall Diameter: Around 120 nm

Thickness: 50-70 nm across the nuclear envelope

 Diaspro Lab
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Vignette credit: Alexandra Luca 
DiasproLab



A.Morgantini et al., A deep-learning approach for MINFLUX microscopy, Biophys.J., 3153-POS, 2025

ESRGAN (Enhanced Super-Resolution Generative Adversarial Network) 

Activity carried out under Piano Nazionale di Ripresa e 
Resilienza (PNRR), Ecosistemi dell’Innovazione–Tuscany 
Health Ecosystem (THE), e SEELIFE Eurobioimaging





Label-free Trend

Vignette credit: Alexandra Luca 
DiasproLab

DAPI- minor groove of A/T-rich 
dsDNA sequences,



A.Diaspro, P.Bianchini in V. N. Astratov, et al. Roadmap on Label-Free Super-Resolution Imaging. Laser Photonics Rev 2023, 17, 2200029.





CIDS

Sperm heads of the octopus Eledone Cirrhosa are left-handed 
helices  
with pitch and diameter of ~ 1 µm

Case Study: Eledone Cirrhosa

Maestre, Marcos F., et al. "Differential scattering of circularly polarized light by the helical sperm 
head from the octopus Eledone cirrhosa." Nature 298.5876 (1982): 773-774.

Polarized light
Oldenbourg, R., "A new view on polarization microscopy," Nature, 1996



Light vs. chromatin interactions modelled by dipole approximation method implemented in ADDA code by discretizing the scattering object of 
an arbitrary shape into an array of polarizable point dipoles.  (M.A. Yurkin, A.G. Hoekstra, 2011, J. Quant. Spectrosc. Radiat. Transfer)

Ashraf M.W., Diaspro A. (2022) On the structural organization of macromolecules using chiral 
sensitive differential scattering of circularly polarized light. Optics Communications. 522: 128639.

Diaspro, A. Circular intensity differential scattering and chromatin-DNA structure. Cell Biophysics 10, 
45–60 (1987). 

A.Diaspro et al., IEEE TBE 1991
A.Diaspro et al., IEEE TBE 1995



Diaspro, A., Bianchini, P., Callegari, F. et al. Emerging Mueller matrix microscopy 
applications in biophysics and biomedicine. Riv. Nuovo Cim. 46, 473–519 (2023).



Kemp, J. C., 1969, "Piezo-optical birefringence modulators: 
new use for a long-known effect," J. Opt. Soc. Am., 59, 950.

Paolo Bianchini Nicolò Incardona

Diaspro, A., Bianchini, P., Callegari, F. et al. Emerging 
Mueller matrix microscopy applications in biophysics and 
biomedicine. Riv. Nuovo Cim. 46, 473–519 (2023).



Incardona, Nicolo; Bianchini, Paolo; Diaspro, Alberto (2025). Darkfield Mueller 
matrix microscope allows the observation of single cells with high contrast. 
Optica Open. Preprint. https://doi.org/10.1364/opticaopen.29715233.v2





The artificial microscope project

64



The Nobel Prize in Physics 2024. NobelPrize.org. Nobel Prize Outreach  <https://www.nobelprize.org/prizes/physics/2024/summary/>

They used physics to fi


They used physics to find patterns in 
information

65



A.Diaspro, G.Parodi, R.Zunino, Studia
Biophysica, vol.139, no.2, pp.69-16, 1990

A.Diaspro, Image and Vision Computing, 1990

J.J. Hopfield, Proc. Natl. Acad. Sci. 
USA 79, 2554 (1982).



Paired Image-To-Image Translation
● Image-To-Image Translation: 

○ Transformation from One Image Representation to Another

■ Grayscale to RGB | Sketch to Realistic Photo

● Paired Data:

○ The Image in Domain A has the Corresponding Image in Domain B

Larbi Toujier

● Training GANs involves Two Components, 

Trained Together:

a. Training the Generator 

b. Training the Discriminator

● The Paired Images:

a. Label Free & Fluorescence

Generative 
Adversarial 
Networks (GANs)



Generative Adversarial Networks (GANs)
Training the Generator

● Input: Label Free Image
● Generator: Takes Label Free and Learns to Generate Fluorescence
● Output: Generated Fluorescence Image, corresponding to the Input Label Free 

Image
● Loss Function: Pixel-Level Evaluation, Generated vs True Fluorescence Image

Generative

Label Free 
Image

Generated 
Fluoresce

nce
Image

Generator

OutputInput

True 
Fluoresce

nce
ImageLoss



Preliminary results
Label free                                                     Generated                                           True

Larbi Toujier
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 Graphic by Marta Fioravanti - https://www.instagram.com/nonlineare/  Nanoscopy retreat - IVSLA, Venice 2025
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  Multimodal Optical Microscopy Image Correlation Sensing

Thank you  
for your attention.



https://www.icbp2026.org/


