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Collaboration between the Fermi Accelerator National 
Laboratory (Fermilab) the Physics Department at 

Universidad de Buenos Aires (UBA)
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Skipper CCD



Skipper CCD

Technology developed for Dark Matter Searches (SENSEI)
in collaboration with Berkeley Lab 4



Skipper CCD - readout noise
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Skipper CCD - specifications
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Applications 
in Quantum 
Microscopy



Samantaray, N., Ruo-Berchera, I., Meda, A. et al. 
Realization of the first sub-shot-noise wide field 
microscope. Light Sci Appl 6, e17005 (2017)
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Sub-shot-noise imaging



Samantaray, N., Ruo-Berchera, I., Meda, A. et al. 
Realization of the first sub-shot-noise wide field 
microscope. Light Sci Appl 6, e17005 (2017)
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Sub-shot-noise imaging

Best possible
photon pair 
generation



Samantaray, N., Ruo-Berchera, I., Meda, A. et al. 
Realization of the first sub-shot-noise wide field 
microscope. Light Sci Appl 6, e17005 (2017)
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Sub-shot-noise imaging

Spatially-resolved, 
photon number 

detection with lowest 
possible noise



Noise reduction factor from Samantaray et al. 2017, supplementary material
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Noise reduction factor from Samantaray et al. 2017, supplementary material
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Noise reduction factor from Samantaray et al. 2017, supplementary material

Normal CCD                                      Skipper-CCD

PIXIS: 400B Teledyne, Princeton Instrument 13



Sub-shot-noise wide field microscope - Skipper vs CCD

Starting with 2e- of readout noise, 0.16 e- is reached after taking 156 samples per pixel

Increasing the number of photons per pixel is an undesirable condition because the sample could be damaged.

First strategy: Increase number of photons per pixel
Same binning and Noise Reduction Factor condition
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Sub-shot-noise wide field microscope - Skipper vs CCD

Skipper-CCD Pixel size  

Second strategy: Binning (worse resolution)
Same number of photons per pixel and Noise Reduction Factor condition

Required CCD Super binned Pixel size  
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Sub-shot-noise wide field microscope - Skipper vs CCD
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Sub-shot-noise wide field microscope - Skipper vs CCD
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Sub-shot-noise wide field microscope - Skipper vs CCD
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Simulation for a sample with
an absorbance of 1%
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● A Skipper CCD is a very promising detector for 
Quantum Optics (specially Quantum Metrology) 
applications.

● In Quantum Microscopy is particularly useful in the low 
light regime, where it makes a difference in the 
information of the absorbance obtained per sent 
photon.
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¡Thank you!

¿Questions?



extra slides
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Refurbish work: Starting on April 2021.

Importation: We started to import the required equipment.

Physical work: Nowadays it is allow to make experimental research at the Physical Department Laboratories.

Dark Room and Instrumentation for a first QIS experiments.
LIAF: Laboratorio de Iones y átomos fríos

Immediate UBA Resources

Laboratorio Argentino de Mediciones de Bajo umbral de Detección y sus Aplicaciones
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Noise reduction factor

from Samantaray et al. 2017, supplementary material

r is the coherence radius at the detection plane.
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Noise reduction factor: correlation quantifier



Why low illumination level is so important?  from Brida et al, 2009, PRL

Low illumination levels are needed in the presence of pigments or other photo-sensible molecules (see, e.g., 
Y. Fu et al., Opt. Express 14, 3942 (2006), and references therein.). The sub-shot-noise imaging requires a 
photon flux roughly  times smaller than an equivalent classical one, in order to achieve the same 
signal-to-noise ratio.

In order to achieve a sensitivity superior to that available with classical techniques, one should be able to 
reach a sub-shot-noise (SSN) regime in spatial correlations even in the presence of the unavoidable 
background noise (electronic noise, scattered light). Demonstration with low photon number were done 
subtracting the dominant background noise. Clearly, such a regime cannot be used for concrete imaging 
schemes, as the image distribution would remain hidden in the background noise.

Similarly, a single-mode sub-shot-noise intensity correlation cannot be used to retrieve high-sensitivity 
information on the spatial distribution of an object, since the quantum character of the correlation vanishes 
when one detects small portions of the beams instead of the whole beams

They conclude: Thus, high-sensitivity imaging requires spatial quantum correlations in a regime where the 
photon flux is high enough to make the background noise negligible.

But, Skipper-CCD enables the low photon counting regime making the readout electronic negligible (even if 
the scattered light can not be suppressed).
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Brief chronology of the evolution of Quantum Imaging
and where the Skipper-CCD can make the difference
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Absolute calibration of CCD cameras (Brida et al, 2010)
￼
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After having the first setup working at LAMBDA

Schedule: second semester of 2021

One serial register with many 
sense nodes. 

16 independent serial registers, 
one amp on each. 

New QIS sensors testing 

Planned to be performed at LAMBDA 31



➢ Many stages losing photons by reflection
➢ Type I BBO
➢ No spatial filtering
➢ Very unstable laser beam
➢ Bandwidth pass filters emits fluorescence

plots
from
Muriel
Bonetto
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➢ Anti Reflective coat
➢ Type II BBO and polarizers
➢ Spatial filtering
➢ Very stable laser beam
➢ Dichroic filters 

➢ Many stages losing photons by reflection
➢ Type I BBO
➢ No spatial filtering
➢ Very unstable laser beam
➢ Bandwidth pass filters emits fluorescence
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Sub-shot-noise wide field microscope - Skipper vs CCD
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Sub-shot-noise wide field microscope - Skipper vs CCD

Skipper enables excellent 
resolution at extremely 
low illumination level
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Sub-shot-noise wide field microscope - Skipper vs CCD
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