
CYGNO-04 BKG Simulation
A summary of work done so far by Giulia et al
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Vera, the daughter of Giulia was 
born on the 29th of November 

All the best to her and family
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Ambient gammas
- Gammas mostly from K, U chain 

and Th chain


- Spectrum measured by SABRE 
collaboration(*)


- used as input for CYGNO 
simulations

- The shape is “hall-invariant” while the 
total flux is not.


- We’ll use the RM1-NaI for a direct 
measurement of the flux in hall-F

3



Ambient neutrons

Ambient neutrons from radioactivity in 
the rock


Spectrum from CUORE MC → 
measurements 


Belli/Arneodo (radiogenic, E<10 MeV) 


and Hime (cosmogenic E>10 MeV)
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Radioactivity of materials
- natural radioactivity: U, Th and K of all material was evaluated on the basis of:


- the direct measurements performed by Mathias;


- radiopurity DB for the material we haven’t yet tested;


- to be done:


- radon


- 14C decay in the gas mxiture
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Geometry implemented in Geant4

Github repository: https://github.com/CYGNUS-RD/CYGNO-MC/tree/cygno_04
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https://github.com/CYGNUS-RD/CYGNO-MC/tree/cygno_04
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about 10% below 20 keV

GEANT4 simulation foresees 1.38 105 events/year from the lens below 20 keV
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Expected rates from rescaling 1 m3

11



Expected rates from rescaling 1 m3

20% lower than GEANT4
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Expected rates from rescaling 1 m3
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Expected rates from rescaling 1 m3

- GEM (even the clean ones), cameras and lens are the main sources of internal radioactivity;


- PMMA we should use a clean one;


- Need to add: PMT, field cage, resistors, capacitors, screws…14



The optics situation: the lens
- The commercial lens currently used in LIME is expected to be very “radioactive”;


- We are investigating with the Lobre company the possibility of realising a custom lens 
based on Suprasil, a very “clean” crystal;


- A positive feasibility study was financed last year with this final proposal

- Use of 3 different low radioactive materials should 
will provide the requested optical performance

39 cm
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The optics situation: the lens
- We just sent an order for:


- detailed numerical analysis of the mechanical tolerances required for the realization 
of a lens with the following specifications:


- samples of the materials (PC, PMMA, and Fused Silica) for a radioactivity check, 
which will be carried out directly by INFN;


- fabrication of two lenses (one in PC and one in PMMA) in their final definition, to 
verify the feasibility of the manufacturing methodology of some plastic lenses.


- If all results are satisfying in 2024 we will realise the first complete prototype that is 
expected to have very low radioactivity contents 

16



The optics situation: the camera
- In past with the help of Matthias we measured the radioactivity of all parts of a BSI camera.

The main part radioactivity seems to 
come from parts that could be, in 
principle, replaced with clean ones 
(supports, fans);


the sensor itself is responsible for 4 Bq 
of Potassium;


the sensor, without cover glass is 
responsible for 10 mBq
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The optics situation: the lens
- In past we compared the performance and the radioactivity of different cameras

Camera 228Ra 226Th 226Ra 234Pa 40K Tot

Hamamatsu 
Orca Flash 2.1 2.1 1.9 7.0 1.9 15

Sensor Orca 
Flash 1.0 1.0 1.1 1.1 4.3 8.5

BSI 1.3 1.8 1.0 6.0 3.7 13.8

Hamamatsu 
Orca Quest 2.4 4.0 1.8 6.6 4.5 19.3

- Although a fused silica cover tile, the Orca Quest has a quite high 40K contribution;

- Next step, is to provide a suprasil cover to BSI company;
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Expected rates from rescaling 1 m3

- GEM (even the clean ones), cameras and lens are the main contributors to internal 
radioactivity;


- Need to add: PMT, field cage, resistors, capacitors, screws.  
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Conclusion
- GEANT simulation of CYGNO-04 to be concluded:


- external bkg simulated;


- internal bkg just started (lenses);


- Evaluation performed by properly rescaling gas and materials from the 1 m3 
simulation seems anyway a good reference to indicate main contributors;


- To reach a complete understanding all contributions should be taken into account 
with the inclusion of missing details of the detectors;


- Once the digitization is stable, we should use it too
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