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surface activity by a factor 10 is needed

e By applying a method which reduces the surface activity by a factor of 10 to
a clean ESR foil the DS-20k requirement will be met
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Cleaning tests of the ESR

* Six 50-mm diameter foil samples attached
to copper/steel plates (for easier
measurements in spectrometers)

 Samples kept for ~ 6 months in the strong
(~30 kBq) %°’Rn source to increase the
sensitivity to tested cleaning methods

* Tests of chemical and plasma cleaning
methods

* Direct 2'°Pb and ?'°Po activity
measurements of the artificially
contaminated ESR foils by the gamma and (Small) 50-mm diameter ESR foil
alpha spectrometers, respectively

* 46.5 keV and 5.3 MeV peaks analyzed
before and after cleaning




Results

 Chemical cleaning turned out to be ineffective in order to 2'°Pb and ?'°Po
reduction:
* reduction factors ~1 for 2'°Pb and 2'°Po

 Atmospheric plasma cleaning also is ineffective:
 reduction factors ~1 for 2'°Pb and %'°Po

* Vacuum plasma cleaning reduction factors:
» ~5for 21%Pb
» ~10 for 2'°Po

* Vacuum plasma cleaning is a promising method. Further tests are in progress.

This work was performed in the framework of the NCN grant (Grant No. UMO-
2023/51/B/ST2/02099)).
The study was funded by "Research Support Module" as part of the "Excellence Initiative -
Research University" program at the Jagiellonian University.
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The DarkSide cxperiment has been designed to scarch for direct interactions of the cold dark matter particles with argon nuclei. Currently, the
DarkSide-20k (DS-20k) detector is under construction in the Laboratori Nazionali del Gran Sasso in Italy. One of the material which is going to be
used inside of the DS-20k time projection chamber (TPC) is the ESR foil. Due to its large surface applied (few hundred square meters) and close
proximity to the active volume its surface must be extremely radiopure, mainly with respect to *'*Pb. The DS-20k requirements for the *'"Ph surface
specific activity for the ESR foil is: C = 0.03 mBg/m* (2.5 ad'm®). The concentration measured by the most sensitive alpha spectrometer is
< 0.4 mBg/m’. Due to this fact, a cleaning technique which reduces the “°Pb activity by a factor of 10 is needed. By applying this method to the clean
ESR foil, the DS-20k requirement will be met. To test different cleaning methods (cleaning by chemical solutions, plasma cleaning). the ESR samples

were contaminated with 2"Ph/1%Po in a strong ™ Rn sources.

ESR foil Cleaning tests
The ESR foil is a light highly reflecting material. This foil, covered with  Chemical cleaning
the wavelength shifier (TPB), will be used inside of the DS-20k time The following chemieal salutions were tested with respect to 219Po/20Ph re-

projection chamber in order to maximize the light detection moval on the ESR foil samples (big and small

*  lsopropanol = Citric zcid (5%)

ran
R = S EDTA + 2% H,0, EDTA (and EDTA + isopropanol)

* HCl (and HCl + isopropanol} = Acetic acid ( 20%)

* HNO, * MecOH

The 43 % 43 cm® (big) ESR foil (sec fig. 2) For the big and small samples results for *"Po removal are consistent

. was mvestigated by the large-surface, low-back-  reduction factors < 2.0). The best reduction factors for the big ESR foil were

ground alpha spectrometer XIA Ultralo- 130010 gheain for the HCI + isopropanal (1.7 £ 0.1 for 2°Po) and for the small
order to establish its surface specific activity. Due  gmples: EDTA + 2% H,0, (1.3 + 0.1 and 1.2 + 0.1 for 7%P0; 1.5 £ 0.2 and
to its thinness, the foil was attached to copper 1.4 £ 0.2 for 19Pb). Further tests with EDTA + 2% H,0, were performed for
plate against curling up. The obtained *'°Po sur-  one more small sample, but results didn't meet DS-20k requirements. Sample
face concentration is < 0.4 mBg/m®. Taking into a5 cleancd three times by this solution and total reduction factors were equal
account the **"Po half-life and ufacturing date 1o 1.3 4 0.1 for 2P0 and 1.8 + 0.1 for 29ph,
of the foil, equilibrium between *'“Po and *'"Pb R
«can be assumed. The established "Po sur-face Plasma cleaning

Fig 2 Thed3 x 43 om® ESE foul  CONCENIration also applies to *Ph. Small samples were processed

measared by the aipha specromerer: applying plasma cleaning (under

Fig. 1. Crass section af the TPC and inner veto including the ESR fiil.

vacuum and argon/argon + helium
210pp (210pg) measurements atmospherc) R Legnaro
(0. Azzolini). Even if the time
between the determination of the
activity and the clcaning is long, |
the half-life of 2°Pb makes it
possible to compare the 2%Pb

] The longlived (223 y) “Pb decays, through the

- i, to the alpha-cmitter 20Po (138.4 d). Alpha
particles may produce neutrons in the (a. n) reactions.
Interactions of neutrons with argon nuclei are

ishable from those from dark P [ !
matter. count rates dircetly. For %o the . % 2iop, iootopes im 1, decay fbiue curve) and are
. L situation is different and requires . duced by the Pb (rello curvel. It i comparabie
Fig. 4 Bottoe: pert of the avoium decoy chafa analysis of the potential 20Po  wirh T, ; the F'o activity in ¢, has o be predicred raking
o . activity change. Expected activity inte accoun thess heo cantributions.
,m:f “’:;‘3;;3%“’"“_‘[ t;'“"" . prior clcaning has to be calculated taking into account Po decay and Po produced
#1%Pg and *'1°Pb can’t be assumed,
: : N . Fhb.
the surface specific activity of the | by
21%Ph can be established by series b TEEEM MEASUREMENT N e ,
of #9Pg . The acti- - = dars |I T
vity of *'"Fo can increase (A, = . | I Calculated activities
Ap). decrease (Ap, <ApJor " Pt v B o 5
remain constant (A, = Ag, ) and o . o ) .
based an this analysis determina- P Ry KPR Fig, 7. Example of activity change for the small SR foil sample before and after atmospheric
y erermy - orof . plomsma cleaning
tion of #'%Pb concentration is Fig. 5. Example of three scenarias of *'Fa activity
y change over time. Black does symbolize Tab. 1. Results of plesma cleaning of the small ESR fails.
possible (see fig. 5). medsurements -
factor
" 5 ] Tiepy Hipp,
Cleal"lll'l rocedures Sample Cleaning method
g p ESR 3 Vacuum plasma 7.8 +0.6 48+ 08
In ;errr o increase mscxmvitt‘y to tested cleaning nnln:]d:;ig I-.":sR SD'iJ]; ESR 6 Vacuum plasma 09+ 1.9 6.2+ 0.8
sample was kept ~1 moath in the strong ™"Rn source (~10 kBg/m'} and then  JEgp 3™ Ta tmospheric plasma (horizontal” 09 £0.1] 1202
cleaning by different chemical solutions were tested. Alpha peak (5.3 MeV) phetic plasma )
was analyzed before and aficr cleaning ESR 4 plasma (vertical”) Lo +0.1 0.9+0.2
3 ; ESR 4 ic plasma (argon + helium ™)y 0.9+01 1.1 £0.2

Six 50-mm diameter ESR foil samples were
attached to steclicopper plates and kept for ~6  “sample configuration “process gas

months in the strong 2Rn source (~30 kBag). .

After this, ssmples were measured by the Conclusions

semiconductor (i) alphs- and coaxial (Ge) Chemical cleaning and ammoshperic plasma cleaning turned out to be ineffect-

_ 10 ive in P removal (reduction factors are ~1 for *'"Pb and *'"Po). Vacuum plasma
f:::n;m:;c:::smi'cr m-n::dm:_ ':.)hm ::‘;:ﬂ cleaning reduction factor is ~5 for '*Pb and ~10 for *'“Po.
different  cleaning mcthods (chemical  and Acknowledgments
Fig 3. One of the investigaied 50 plasma cleanings) were performed. This work was performed in the framework of the NCN grant (Grant No. UMO-
mm diameter SR foil attached ta 2023(31/B/ST2/0209%). The study was funded by "Rescarch Support Module™ as
part of the "Excellence Initiative - Rescarch University” program at the
Jagiellonian University.
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