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Internal background contribution

To estimate the purity of components and minimize their contribution to the background,

we consider the following radioactive isotopes:
o 4OK 60C0 137CS
o from 222Th chain: 298Tl, 212Pb, ?®Ra, ??8Ac, ??®Th
o from 228U chain: 2'Bi, 2"*Pb, ??°Ra, 234Th, **mPa
In the Geant4 geometry, the PCBs, cables, connectors, screws, and solder are not

explicitly included
The isotopes simulated are contained within a volume representing the component

under study



Internal background contribution

e FEach isotope was simulated separately
within the corresponding component

e The purity was adjusted to reach a
background contribution of 10 dru per
isotope per component

o with all isotopes and components,
we obtain a background of 10" dru
e Copper shield as an example




Internal background contribution

e After the simulation, a normalization is performed

Counts from the simulation Copper shield ®Co
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e The time was adjusted until the background rate reached 10~ dru

(seconds converted to days)
e This time is used to determine the corresponding purity



Internal background contribution: cables

e \We consider a general coaxial cable along BULLKID-DM
o radius: 3.5 mm

o length: 150 mm
e The cable closest to BULLKID-DM is expected to be main
contributor
o cable is simulated from the bottom wafer to the top
wafer
o its center is located 9.5 mm from the side of the
holders
e Mass density considered is 0.45 grams/cm
Only one cable simulated
e Assuming 32 cables to estimate backgrounds
o total mass: 108.04 grams
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Internal background contribution: connectors

e \We assume a cylindrical geometry with the following dimensions
o radius 2.5 mm
o length 20 mm
The connector is simulated outside of the holder
Mass per connector: 4.395 grams
One connector is simulated for a central wafer
Assuming 32 connectors close to tower
o total mass: 140.64 grams




Internal background contribution: solder

e \We consider a small box located next to a central wafer
o  5%x5x0.07 mm?3
e Lead-free solder typically consists of
o 96.5% tin, 3% silver, and 0.5% copper
e Trace amounts of lead may also be present and should
be considered
e For the purity estimates, we assumed the solder was
made of only tin
We assume 10 mg of solder per PCB
e Total mass of solder for the 32 wafers: 0.32 grams
Only 10 mg of solder corresponding to one PCB on a
central wafer is simulated




Simulation and measurements at LNGS

e From the radiopurity assays at LNGS
o measurements are available for solder wire, connectors and cables

e The simulation-based purity limits can be more stringent than the actual measured
values

e How does the estimation for the components for all isotopes to have a 10" dru
background compare with the current measures?



Cable

Cable/[mBg/kg] | “°K 0Co | "7Cs 228Ra 228Th 225Ra 234Th 234mpg
Measurement <370 <12 <7.4 60+20 30+8 <21 <2100 <880
without

connector

Measurement 7030 | <1.7 <3.1 46+7 738 <11 <960 1100+£200
with connector

Simulation 0.111 0.078 | 0.072 0.192 0.104 0.068 0.087 0.078
estimation

e Need better limits for many isotopes
e 2 measurements are a problem

o nearly a factor of 300 higher

o 22%Ra and ??8Th have a background contribution of 0.59 dru
rest of the isotopes <39.31 dru




Connectors

Cable/[mBg/kg] 40K 80Co 137Cs 228Ra 228Th 226Rg 234Th 234mpg
Measurement 50+20 <2.6 <2.9 47+6 6817 <58 1000+100 | 1100+200
Simulation 410 29 70 41050 6x10%* 3x10°%* 1780 85
estimation

e *?228Th and ?*°Ra were estimated assuming a Poisson distribution
e Inspecting 2*"Pa
o background contribution 0.013 dru
o its contribution is the 94% of the total contribution from connectors

10



Solder

Solder/[mBg/k | “K | ™Cs 210pp 26Rg | 28Th | 20Ra | 2Th | 24mpg
al

Measurement | <13 <0.68 (137+7)x10° <2.1 <1.3 <25 <19 <13
Simulation 2350 1500 2x108* 220 2050 9500 730 340
estimation

* 210pp estimation from a Poisson distribution
Solder is fine
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Summary

e We re-evaluated the maximum allowed impurity levels based on the simulation result
e LNGS measurements provide radioactivity levels for cable, connector, and solder
o cable
m measured activities are 2-4 orders of magnitude higher than the
simulation-based limits
m background contribution: 0.59 dru form ??2Ra and ??®Th
e rest of isotopes <39.31 dru
m recommendation: longer counting period
o connector
m background contribution: 1.38x102 dru
o 23Mpg contributes the 94% overall not a problem
o solder
m measured activities are 2-5 orders of magnitude below the simulation-based
limits
m background contribution: 8.03x10~ dru
e 20Pp s not a problem despite its high measured activity
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