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Geometry

Changes  wrt last update
- Dimensions of the AirBox

1.45 x 1.45 x 2.45 m3

- Fiducial volume inside the 
field cage
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Shielding options

1. no shielding (for reference)
2. “DRIFT-like”: 50 cm water + 5 cm Cu
3. 50 cm water + 5 mm Cu
4. 50 cm water
5. 50 cm PE

… work in progress
6. 50 cm water + 5 cm Pb + 5 cm Cu
7. 50 cm water + 10 cm Pb + 2 cm Cu
8. 50 cm water + 5 cm Cu + 2 cm Steel (should be similar to the case of vessel 

made of steel)
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Table of shielding materials

Volume Material Thickness [cm] Mass [kg] Cost [keuro]

Shield2 Water 50 16e3 -

Shield3 Cu 5 8.7e3 217.5

Volume Material Thickness [cm] Mass  [kg] Cost [keuro]

Shield2 Water 50 16e3 -

Shield3 Cu 0.05 830 20.75

Volume Material Thickness  [cm] Mass  [kg] Cost [keuro]

Shield3 PE 50 15e3 75

Cost of materials:
- Cu : ~25 euro/kg
- Lead : ~5 euro/kg
- PE : ~5 euro/kg

50 cm water + 5 cm Pb + 5 cm Cu

50 cm water + 5 mm Cu

only PE

Volume Material Thickness [cm] Mass [kg] Cost [keuro]

Shield1 Water 50 16e3 -

Shield2 Pb 5 12e3 60

Shield3 Cu 5 8.7e3 217.5

50 cm water + 5 cm Cu

50 cm water + 10 cm Pb + 2 cm Cu

Volume Material Thickness [cm] Mass [kg] Cost [keuro]

Shield1 Water 50 19e3 -

Shield2 Pb 10 24e3 120

Shield3 Cu 2 3.3e3 82.5
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Input gamma flux

● gamma from spherical 
surface

● isotropic direction
● energy spectrum from 

SABRE measurements
● integrated flux 0.56 

gamma/cm2/s

208Tl

214Bi 
40K 

214Bi 

214Bi 
214Bi 

228Ac 

214P
b 

212P
b 

Total gamma flux in Hall B: ~ 0.36 𝛄 / cm2 / s
Total gamma flux in Hall C: ~ 0.56 𝛄 / cm2 / s
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Expected background from external gamma
● Energy deposit in the CYGNO fiducial volume with different 

shielding options
● Normalized in counts/day/kg/keV
● Lines around 8-9 keV are Cu re-emission x-rays 
● Expected rate in [0.20] keV for “drift” option is ~600 cpd/kg/keV

→ ~6 106 counts/year
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Work in progress
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● Shielding of Pb+Cu (5+5, 10+2)
● Shielding of Cu and stainless steel (or replace acrylic box with steel 

vessel+acrylic )
● Simulation of radioactivity:

○ Pb of the shielding, check that radioactivity << external background
○ cameras with a copper shielding 

→ need to be implemented in the Geant4 geometry
○ other internal background, starting from the parts close to sensitive volume

● Technical limitations:
○ Rome farm very inefficient, <50% jobs successful → need babysitting
○ add shielding thickness → need more than 1010 evts, 270B/evt → ~some TB
○ 1 TB left on the disk

 



Simulation of radioactive decay in Pb shielding
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|x|< 500 mm

Distribution of nuclei positions



Simulation of radioactive decays
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214Bi 
214Pb

208Tl 
228Ac
212Pb

238U:

40K

232Th:

example: 214Bi spectrum  

214Bi energy 
deposit 

- simulate most intense gamma emitters 
(if far from sensitive volume)

- simulate all the isotopes in the chain 
(if close to sensitive volume)

- normalize to the activity



Radioactivity of materials
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From T-REX screening 
campaign
http://arxiv.org/abs/181
2.04519v1

http://arxiv.org/abs/1812.04519v1
http://arxiv.org/abs/1812.04519v1


Radioactivity of cameras

11

● Radioactivity of cameras measured @LNGS
● implement in geometry cameras in 2(3) parts: body, objective (shielding)

sample: camera, Hamamatsu, orca-flash4.0, 
2.1275 kg, CYGNO

Th-232:
Ra-228: (2.1 +- 0.2) Bq/pc
Th-228: (2.1 +- 0.1) Bq/pc

U-238:
Ra-226 (1.8 +- 0.1) Bq/pc
Pa-234m (7 +- 2) Bq/pc

U-235: (0.4 +- 0.1) Bq/pc

K-40: (1.9 +- 0.3) Bq/pc

Cs-137: (0.09 +- 0.03) Bq/pc

Co-60: < 0.012 Bq/pc

sample: objective of Hamamatsu orcaflash4.0, 
213.5 g (with plastic cap), CYGNO

Th-232:
Ra-228: (0.077 +- 0.009) Bq/pc
Th-228: (0.078 +- 0.006) Bq/pc

U-238:
Ra-226 (0.41 +- 0.02) Bq/pc
Pa-234m (0.9 +- 0.3) Bq/pc

U-235: (0.031 +- 0.008) Bq/pc

K-40: (11 +- 1) Bq/pc

Cs-137: < 0.0057 Bq/pc

Co-60: < 0.0099 Bq/pc

La-138: (0.52 +- 0.04) Bq/pc



Summary

● Fix shielding geometry so that external gamma bkg << internal
○ need estimate also internal background
○ evaluate first the most radioactive parts (cameras), and parts close to the sensitive volume

 

● Reference number: total bkg goal for Cygnus <104 evt/yr @ E < 10 keV
○ assuming discrimination power ~104 in this energy region

● work in progress: 
○ more efficient external gamma simulation 
○ implement the geometry of cameras+shielding in Geant4
○ simulation of radioactive decays + analysis
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