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Field Cage Foils

● Three different field cage foils:
➢ PET+Cu with glue: a polyethylene foil with Cu 

strips glued by spreading the adhesive over the 
entire foil

➢ PET+Cu with no glue: a polyethylene foil with 
Cu strips glued by applying the adhesive only 
between the strips and the foil

➢ Kapton+Cu: a kapton foil with Cu strips

● The foils were measured at LNGS
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● The FC foils were measured with the same HPGe,

Analysis steps

● Analysis steps:
➢ ROIs selection 
➢ Counting events in each ROI
➢ Determination of activity of 

each radionuclide

● The analysis was performed by considering Channels along the x-axis of 
the spectrum

PET+Cu with glue FC
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ROIs selection

PET+Cu with glue FC

234Th

40K

208Tl
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Counting events in each ROI
40K 40K

PET+Cu with glue FC
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Counting events in each ROI
40K 40K

PET+Cu with glue FC
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Activity Determination 
● The activity was estimated by using the following formula

Detector efficiency

Branching Ratio

Sample measurament time

● When a radionuclide has two or more energy peaks:

● If the ơ > A/2 a limit is set and the limit is estimated as
with k=1.645



Donatella Tozzi - Cygno CM 2024 8

Results

LNGS results

The total activity was divided by 
the sample mass

PET_Cu Field Cage (glued)
Nuclides Activity  

(Bq/kg)
Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Th-234 0.09 0.27 0.53
Ra-226 8.06 · 10-3 9.70 · 10-3 24.01 · 10-3

Pb-214 8.06 · 10-3 9.70 · 10-3 24.01 ·10-3

Ac-228 0.36 · 10-3 14.91 · 10-3 25.02 · 10-3

Pb-212 25.81 · 10-3 9.99 · 10-3 -

Bi-212 57.03 · 10-3 33.94 · 10-3 0.11

Tl-208 26.83 · 10-3 10.40 · 10-3 -

U-235 10.72 · 10-3 7.69 · 10-3 23.41 · 10-3

K-40 0.16 0.07 -

Cs-137 5.96 · 10-3 3.65 · 10-3 12.01 · 10-3



9The efficiency values of PET_Cu FC glued were used to 
determine every activity in tables

PET_Cu Field Cage (glued) PET_Cu Field Cage 
(no glued) Kapton+Cu Field Cage

Nuclides Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Th-234 0.09 0.27 0.53 0.08 0.60 1.07 - - -

Pa-234m - - - - - - 0.62 0.44 1.34

Ra-226 8.06 · 10-3 9.70 · 10-3 24.01 · 10-3 35.71 · 10-3 23.22 · 10-3 73.92 · 10-3 6.98 · 10-3 4.24 · 10-3 14.02 · 10-3

Pb-214 8.06 · 10-3 9.70 · 10-3 24.01 ·10-3 28.31 · 10-3 44.23 · 10-3 101,02 · 10-3 17.61 · 10-3 11.81 · 10-3 36.92 · 10-3

Bi-214 - - - 38.51 · 10-3 27.32 · 10-3 83.41 · 10-3 5.41 · 10-3 4.54 · 10-3 12.91 · 10-3

Ac-228 0.36 · 10-3 14.91 · 10-3 25.02 · 10-3 9.02 · 10-3 33.31 · 10-3 63.81 · 10-3 5.05 · 10-3 13.82 · 10-3 27.83 · 10-3

Pb-212 25.81 · 10-3 9.99 · 10-3 - - - - - - -

Bi-212 57.03 · 10-3 33.94 · 10-3 0.11 - - - - - -

Tl-208 26.83 · 10-3 10.40 · 10-3 - 43.32 · 10-3 21.20 · 10-3 - 21.83 · 10-3 11.13 · 10-3 40.03 · 10-3

U-235 10.72 · 10-3 7.69 · 10-3 23.41 · 10-3 23.92 · 10-3 17.33 · 10-3 52.43 · 10-3 12.54 · 10-3 8.37 · 10-3 26.31 · 10-3

K-40 0.16 0.07 - 0.18 0.15 0.43 - - -

Cs-137 5.96 · 10-3 3.65 · 10-3 12.01 · 10-3 - - - - - -

Co-60 - - - 1.54 · 10-3 7.48 · 10-3 13.82 · 10-3 - - -
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Kapton+Cu FC 234-mPa

234-mPa
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234-mPa

234-mPa 234-mPa

234-mPa

Kapton+Cu FC
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PET_Cu Field Cage (glued) PET_Cu Field Cage 
(no glued) Kapton+Cu Field Cage

Nuclides Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Th-234 - - - - - - - - -

Pa-234m - - - - - - 4.42 · 10-3 0.29 0.48

Ra-226 3.39 · 10-3 2.34 · 10-3 7.23 · 10-3 2.59 · 10-3 1.23 · 10-3 - 18.21 · 10-3 6.43 · 10-3 -

Pb-214 18.51 · 10-3 7.45 · 10-3 - 8.53 · 10-3 4.83 · 10-3 16.52 · 10-3 25.10 · 10-3 9.36 · 10-3 -

Bi-214 2.06 · 10-3 2.46 · 10-3 6.11 · 10-3 2.17 · 10-3 1.28 · 10-3 4.27 · 10-3 12.13 · 10-3 8.84 · 10-3 26.61 · 10-3

Ac-228 14.42 · 10-3 6.20 · 10-3 - 5.72 · 10-3 3.62 · 10-3 11.72 · 10-3 10.12 · 10-3 5.86 · 10-3 19.74 · 10-3

Pb-212 19.52 · 10-3 8.87 · 10-3 - 33.32 · 10-3 26.12 · 10-3 76.23 · 10-3 - - -

Bi-212 9.25 · 10-3 22.53 · 10-3 46.31 · 10-3 - - - - - -

Tl-208 12.32 · 10-3 6.28 · 10-3 22.61 · 10-3 21.72 · 10-3 81.52 · 10-3 0.16 16.92 · 10-3 8.61 · 10-3 31.20 · 10-3

U-235 1.04 · 10-3 6.17 · 10-3 11.23 · 10-3 10.21 · 10-3 13.73 · 10-3 32.81 · 10-3 4.15 · 10-3 6.93 · 10-3 15.62 · 10-3

K-40 0.12 0.06 - 0.25 0.13 0.48 14.31 · 10-3 52.71 · 10-3 0.10

Cs-137 6.81 · 10-3 2.83 · 10-3 - - - - 0.30 · 10-3 2.27 · 10-3 4.03 · 10-3

Co-60 - - - 0.20 · 10-3 0.11 · 10-3 0.38 · 10-3 - - -
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Larger region of central peak Smaller region of central peak

Nuclides Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Th-234 0.09 0.27 0.53 - - -

Pa-234m - - - - - -

Ra-226 8.06 · 10-3 9.70 · 10-3 24.01 · 10-3 3.39 · 10-3 2.34 · 10-3 7.23 · 10-3

Pb-214 8.06 · 10-3 9.70 · 10-3 24.01 ·10-3 18.51 · 10-3 7.45 · 10-3 -

Bi-214 - - - 2.06 · 10-3 2.46 · 10-3 6.11 · 10-3

Ac-228 0.36 · 10-3 14.91 · 10-3 25.02 · 10-3 14.42 · 10-3 6.20 · 10-3 -

Pb-212 25.81 · 10-3 9.99 · 10-3 - 19.52 · 10-3 8.87 · 10-3 -

Bi-212 57.03 · 10-3 33.94 · 10-3 0.11 9.25 · 10-3 22.53 · 10-3 46.31 · 10-3

Tl-208 26.83 · 10-3 10.40 · 10-3 43.92 · 10-3 12.32 · 10-3 6.28 · 10-3 22.61 · 10-3

U-235 10.72 · 10-3 7.69 · 10-3 23.41 · 10-3 1.04 · 10-3 6.17 · 10-3 11.23 · 10-3

K-40 0.16 0.07 - 0.12 0.06 -

Cs-137 5.96 · 10-3 3.65 · 10-3 12.01 · 10-3 6.81 · 10-3 2.83 · 10-3 -

Co-60 - - - - - -

PET+Cu FC with glue
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Larger region of central peak Smaller region of central peak

Nuclides Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Th-234 0.08 0.60 1.07 - - -

Pa-234m - - - - - -

Ra-226 35.71 · 10-3 23.22 · 10-3 73.92 · 10-3 2.59 · 10-3 1.23 · 10-3 -

Pb-214 28.31 · 10-3 44.23 · 10-3 101,02 · 10-3 8.53 · 10-3 4.83 · 10-3 16.52 · 10-3

Bi-214 38.51 · 10-3 27.32 · 10-3 83.41 · 10-3 2.17 · 10-3 1.28 · 10-3 4.27 · 10-3

Ac-228 9.02 · 10-3 33.31 · 10-3 63.81 · 10-3 5.72 · 10-3 3.62 · 10-3 11.72 · 10-3

Pb-212 - - - 33.32 · 10-3 26.12 · 10-3 76.23 · 10-3

Bi-212 - - - - - -

Tl-208 43.32 · 10-3 21.20 · 10-3 - 21.72 · 10-3 81.52 · 10-3 0.16

U-235 23.92 · 10-3 17.33 · 10-3 52.43 · 10-3 10.21 · 10-3 13.73 · 10-3 32.81 · 10-3

K-40 0.18 0.15 0.43 0.25 0.13 0.48

Cs-137 - - - - - -

Co-60 1.54 · 10-3 7.48 · 10-3 13.82 · 10-3 0.20 · 10-3 0.11 · 10-3 0.38 · 10-3

PET+Cu FC no glued
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Larger region of central peak Smaller region of central peak

Nuclides Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Activity  
(Bq/kg)

Uncert. 
(Bq/kg)

Limit 
(Bq/kg)

Th-234 - - - - - -

Pa-234m 0.62 0.44 1.34 4.42 · 10-3 0.29 0.48

Ra-226 6.98 · 10-3 4.24 · 10-3 14.02 · 10-3 18.21 · 10-3 6.43 · 10-3 -

Pb-214 17.61 · 10-3 11.81 · 10-3 36.92 · 10-3 25.10 · 10-3 9.36 · 10-3 -

Bi-214 5.41 · 10-3 4.54 · 10-3 12.91 · 10-3 12.13 · 10-3 8.84 · 10-3 26.61 · 10-3

Ac-228 5.05 · 10-3 13.82 · 10-3 27.83 · 10-3 10.12 · 10-3 5.86 · 10-3 19.74 · 10-3

Pb-212 - - - - - -

Bi-212 - - - - - -

Tl-208 21.83 · 10-3 11.13 · 10-3 40.03 · 10-3 16.92 · 10-3 8.61 · 10-3 31.20 · 10-3

U-235 12.54 · 10-3 8.37 · 10-3 26.31 · 10-3 4.15 · 10-3 6.93 · 10-3 15.62 · 10-3

K-40 - - - 14.31 · 10-3 52.71 · 10-3 0.10

Cs-137 - - - 0.30 · 10-3 2.27 · 10-3 4.03 · 10-3

Co-60 - - - - - -

Kapton+Cu FC
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Status of samples measurement

We have results that can be used in simulation Samples awaiting analysis
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Conclusions
● Results depend on the length of the central region:

➢ Which technique do we want to adopt?

● The analysis is performed taking into account ROIs used by Matthias:
➢ Do we want to add other energy peak regions, such as 210Pb?

● From the simulation we do not have the efficiency value of all radionuclides:
➢ If we want to add other radionuclides to our list of ROIs, we need to ask to Matthias 

adding them in the simulation
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