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Motivation for the Analysis

Activities used so far in MC Analysis

PMT component Isotope | Activity (mBqg/PMT)

) ) oK < 0.99

Crystal PMTs simulations so far: %Co 7.0 e-02
i 8 . Kovar Body Y < 0.095

e Activity values from material samples (E. Aprile et “Ra < 0.26
. Th < 0.0032

al., EPJ C, 75:546, 2015, Tables #3 and 4) not coming 267, <034
Hi 40K < 8.1e-02

from a specific, already assembled, PMT. "cg ~45c03

. 238U )

* In the same paper are also shown measures about Quartz Window 7R =
pieces extracted directly from a PMT (Table #5). - < 12002
Analysis results highlight higher activities. 0K 1.1

®9Co < 0.02
238
Ceramic Feedthrough 22653 02.246
Table #5 32Th 0.23
PMT version Batch nr.  t[d] Activity mBq/PMT] 228Th 0.11

(nr. of units)

238y 226R 235(y 2ip. 2287 WK 600y N ewest a n a IySiS goa | :

v-20 (10) 0 15 <18 <082 <079 093) 08(2) 122) 1302

v-21 (10) 1 26 <18 04(1) 05(1) <11 0401) 12(2) 0.7(1) . ) .

v-21 (16) 2 15 <16 05(1) 0299) <08 <061 13(2) 0.79(8) o

v-21 El:’)) 3 11 <20 <082 <052 <Ll 0502 13(2) 0.7309) Background estimation by using
v-21 (15) 4 22 <13 05(1) 0359) 04(1) 04(1) 12(2) 0.73(9) FEE

v-21 (15) 5 16 <17 0.68 <057 <093 <062 14(2; 0.63(7) activities measured from an already
v-21 (11) 6 23 <15 06(1) <055 <077 07(1) 14(2) 0.71(7)

v-21 (4) 6b 39— 05(1) <030 03(1) 03(1) 81) 0.9(1) assembled PMT.

v-21 (11) 7 23 <19 10(1) 04(1) <077 0.7(1) 15(2) 1.0(1)

v-21 (15) 8 14 <20 08(2) <08 07(2) 10(2) 20(3) 1.2(1) soegs .

G s wm - ory <o oxy oxn w0 14w ° Activities  re-scaling  to  spread
v-21 (15) 9 20 <14 057(9) <044 <079 05(1) 13(2) 0.81(8) .

v-21 (15) 10 2% <15 0.45%7) <044  0.5(1) 0.45(8) 13(2; 0.87(8) values in the whole volume (eg
v-21 (15) 11 12 <10 05(2) <047 <117 06(1) 12(2) 0.77(9) )

v-21 (15) 12 18 <10 <071 <045 0.7(2) 0.7(1; 11(2§ 0.78(8) BOdy, WlndOW, Feedth rough PIate)
v-21 (15) 13 3¢ <10 050(6) 0.38(8) 0.6(1) 0.50(7) 12(1) 0.82(7)

v-21 (15) 14 21 <16 0.53(8) <041 <082 05(1) 14(2) 0.81(8) since the PMT mass position is

unknown.
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Activities Re-Scaling Process

PMT version Batch nr.  t[d] Activity mBq/PMT] .
(nr. of units) et moe me meee e a Re-scaling process:
I T s T T T e o
v-20 (10) 0 15 <18 <082 <079 09(3) 0802 12(2) L3(2)  Average (Atot) of activities
v-21 (10) 1 26 <18 04(1) 05(1) <11 04(1) 12(2) 0.7(1)
v-21 (16) 2 15 <16 05(1) 02009) <085 <061 13(2) 0.79(8) from all PMT parts.
v-21 (15) 3 11 <20 <082 <052 <Ll 05(2) 13(2) 0.73(9) . ..
v-21 (15) 4 22 <13 05(1) 0359) 04(1) 04(1) 12(2) 0.73(9) e Redistribution of activity
v-21 (15) 5 16 <17 06(1) <057 <093 <062 14(2) 0.63(7) .
v-21 (11) 6 23 <15 06(1) <055 <077 07(1) 14(2) 0.71(7) value by using the newest
v-21 (4) 6b 30— 05(1) <030 03(1) 03(1) 81 0.9(1) :
v-21 (11) 7 23 <19 10(1) 04(1) <077 07(1) 15(2) 1.0(1) and the previous value.
v-21 (15) 8 14 <20 09(2) <08 07(2) 1.0(2) 203) 121
v-21 (4) 8b 3 - 07(1) <036 03(1) 02(1) 10(1) 1.4(2) Activit
v-21 (15) 9 20 <14 057(9) <044 <079 05(1) 13(2) 0.81(8) PMT component | Isotope ctivity
v-21 (15) 10 26 <15 045(7) <044 05(1) 0.45(8) 13(2) 0.87(8) (mBg/PMT)
v-21 (15) 11 12 <10 05(2) <047 <LI1T 06(1) 12(2) 0.77(9) 40K < 0.99
v-21 (15) 12 18 <10 <071 <045 07(2) 07(1) 11(2) 0.78(8) 0Co 70 e-02
v-21 (15) 13 34 <10 050(6) 0.388) 06(1) 050(7) 12(1) 0.82(7) ey < 0.095
v-21 (15) 14 21 <16 0.53(8) <041 <082 05(1) 14(2) 0.81(8) Kovar Body R : Al
a < 0.26
Average = Atot 15.4 | 0.62 [4.70e-02| 0.75 | 0.56 |12.82 | 0.88 >2Th < 0.0032
28T < 0.34
40K < 8.1e-02
Co < 4.5e-03
. 238 < 0.33
Quartz Window 2R, 0.036 A2
232Th <1.2e-02
, Atot 25T <1.26-02
C ic Feedth h U 2.4 A3
eramic Feedthrough oz - 0.26
232Th 0.23
228, 0.11
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Activities Re-Scaling Outcomes

PMT Previous Activity Newest .R.escaled Ra.ti? Resca.led
component Isotope (mBq/PMT) Activity Act|V|tyI_P|:eV|ous
(mBqg/PMT) Activity
40K <0.99 < 5.848 5.9
®0Co 7.0 e-02 6.514 e-01 9.3
Kovar Body 2228u < 0.095 <5.179 e-01 5.4
Ra <0.26 < 2.916 e-01 1.1
232Th <0.0032 < 9.749 e-03 3.0
228Th <0.34 <4.156 e-01 1.2
40K < 8.1e-02 <4.784 e-01 5.9
®0Co < 4.5e-03 <4.188 e-02 9.3
. 238 <0.33 < 1.799 5.4
Quartz Window 260 - 0.036 4.037 e-02 1.1
232Th <1.2e-02 < 3.656 e-02 3.0
228Th <1.2e-02 < 1.467 e-02 1.2
40K 1.1 6.497 5.9
®0Co <0.02 < 1.861 e-01 9.3
Ceramic 238 2.4 13.083 5.4
Feedthrough 22°Ra 0.26 2.916 e-01 1.1
232Th 0.23 7.007 e-01 3.0
228Th 0.11 1.344 e-01 1.2
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Analysis Results

Isotope Previous Bkg cpd/kg/keV Newest Bkg cpd/kg/keV Ratio

40K 1.73 e-03 1.02 e-02 5.9

60Co 2.18 e-04 2.01 e-03 9.2

238 4.36 €-03 2.37 e-02 5.4

226R 3 3.13 e-03 3.47 e-03 1.1

232Th 3.39 e-04 1.07 e-03 3.2

228Th 1.83 e-03 2.23 e-03 1.2

Total 1.16 e-02 4.27 e-02 3.7
Previous Bkg Newest Bkg . Previous Bkg Newest Bkg .

Isotope | b MM(cpdikglkeV) | DMM(cpd/kgikeV) | R2H° | KMM(cpdikg/keV) | KMM(cpd/kgikev) |Rato

40K 1.54 e-03 9.04 e-03 5.9 6.08 e-05 3.50 e-04 5.8
60Co 5.44 ¢-06 4.96 e-05 9.1 4.56 e-05 412 e-04 9.0
238 4.22 e-03 2.29 e-02 5.4 2.47 e-06 9.61 e-06 3.9
226R 3 1.37 e-03 1.52 e-03 1.1 2.10 e-04 2.33 e-04 1.1
232Th 9.41 e-05 2.98 e-04 3.2 1.41 e-05 4.49 e-05 3.2
228Th 8.67 e-04 1.06 e-03 1.2 4.25 e-05 5.19 e-05 1.2
Total 8.10 e-03 3.42 e-02 4.3 3.75 e-04 1.13 e-03 2.9
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Background with veto

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background comparison veto on/off

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Conclusions

* Activities measured from an already assembled PMT
have been taken into account in order to simulate the
background.

* Final activities have been calculated thru a re-scaling of
newest and previous activities in order to spread their
values in the whole volume of PMT since the
radioactivity position is unknown.

* Final activities are higher than previous ones from a
factor 1.1 for 22°Ra (lower chain of 238U) to about 9
times higher for ®°Co.

* The overall simulated background is about 4 times
higher than the previous one.
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Background simulation of the PoP

Water tanks: walls + top

S

Lead Base

PE shielding: walls + top +base
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Copper enclosure

B e
. Copper
PMT Quartz Window
PMT Ceramic Plate
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238y a 100 % 4.468-10° a 4.26975
234y a 100 % 2.455-10° a 4.8598
234Th B 100 % 24.10d 0.273088
234pg B- 100 % 6.70 h 2.194285
234mpg IT 0.16 % 1.159 min 0.07392
234mpg B 99.84 % 1.159 min 2.268205
230Th a 100 % 7.54-10% a 4.76975
225Ra a 100 % 1600 a 4.87062
222Rn a 100 % 3.8235d 5.59031
218Rn a 100 % 35 ms 7.26254
218po B- 0.020 % 3.098 min 0.259913
218po a 99.980 % 3.098 min 6.11468
218A¢ B- 0.1% 1.5s 2.881314
218AL a 99.9 % 15s 6.874
214pg a 100 % 164.3 ps 7.83346
214pb B 100 % 26.8 min 1.019237
214Bj B 99.979 % 19.9 min 3.269857
214Bj a 0.021 % 19.9 min 5.62119
2107] B 100 % 1.30 min 5.48213
210pg a 100 % 138.376 d 5.40745
210pp B 100 % 22.20a 0.063487
210pp a 1.9-10°% 22.20a 3.7923
210Bj B 100 % 5.012d 1.161234
210Bj [od 13.2:10° % 5.012d 5.03647
206TI B 100 % 4.202 min 1.532221
205ph stable - - -
206Hg B 100 % 8.32 min 1.307649

T DUTUSTTITTT

Astatine

Polonium

Bismuth

Lead

Thallium

Mercury

Uranium

Protactinium

Thorium

Radium
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240N B- 1.032 h 2.2
240p, a 6561 a 5.1683
236|) a 2.3x107 a 4.494
10
232Th a 1'405:10 4.081
228R4 B~ 5.75a 0.046
2287 ¢ B~ 6.25 h 2.124
228Th a 1.9116 a 5.520
224R4 o 3.6319d 5.789
220Rn a 55.6s 6.404
216pq o 0.145s 6.906
212pp B- 10.64 h 0.570
) B~ 64.06% . 2.252

212

Bi 035949 | ©0->>min 6.208
212pg a 299 ns 8.955
2087 B- 3.053 min 4.999
208ppy stable

Adirice

) aikcail metal
Mkaline earth metal
Metalicia
Postraraition metal
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Analysis Results with MC errors— Rescaled Activities

Isotope Previous Bkg cpd/kg/keV Newest Bkg cpd/kg/keV Ratio

40K 173 e-03 + 1 e-05 1.02 e-02 + 6 e-05 5.9

60Co 2.18 €-04 + 1 e-06 2.01 -03 + 9 e-06 9.2

238 4.36 e-03 +1 e-05 2.37 -02 + 7 e-05 5.4

226R4 3.13 e-03 + 7 e-06 3.47 e-03 + 8 e-06 1.1

232Th 3.39 e-04 + 2 e-06 1.07 e-03 £ 6 €-06 3.2

228Th 1.83 e-03 + 6 €-06 2.23 6-03 + 7 &-06 1.2

Total 1.16 e-02 £ 2 e-05 4.27 e-02 + 4 e-04 3.7
Previous Bkg Newest Bkg . Previous Bkg Newest Bkg .

Isotope | b MM(cpdikglkeV) | DMM(cpd/kgikeV) | R2H° | KMM(cpdikg/keV) | KMM(cpd/kgikev) |Rato

40K 154 e-03+9e-06| 9.04e-03+5e-05 | 59 |6.08e-05+3e-06| 3.50e-04+2e-05 | 5.8
60Co 5.44e-06+2e-07| 496e-05+1e06 | 91 |456e-05+7e07| 412e-04+6e-06 | 9.0
238 4.22e-03+1e-05| 229e-02+7e-05 | 54 |2.47e-06+5e-07| 9.61e-06+2e-06 | 3.9
226Ra | 1.37e03+4e-06| 1.52e03+5e-06 | 1.1 [2.10e-04+3e-06| 2.33€-04 +3e-06 | 1.1
222Th | 9.41e-05+1e-06| 2.98e-04+3e-06 | 3.2 [1.41e-05+5e-07| 4.49e-05+2e-06 | 3.2
226Th | 8.67 e-04+4e-06| 1.06e-03+5e-06 | 1.2 |4256-05+1e-06| 519e-05+1e-06 | 1.2
Total |8.10e-03+2e-05 | 342e-02+9e-05 | 43 |375e-04+4e-06| 1.13e-03+2e-05 | 2.9

Irene Bolognino
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Background without veto

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV

[cpd / kg / keV]
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Background without veto

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background with veto

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background comparison veto on/off

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background without veto — Hamamatsu Measurements

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background without veto — Hamamatsu Measurements

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background with veto — Hamamatsu Measurements

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background comparison veto on/off — Hamamatsu

Measurements
Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Motivation for the Analysis

« Hamamatsu provided activity values divided by PMT parts for the same PMT
model.

e Activities are different from Xenon measurements.

* The goal of the analysis is to check how background changes taking into account
Hamamatsu measurements.

Estimated RI level
< Unit: mBq/PMT >

Materials Weight (g) 40K U Th Co60 | Sub Total
Quartz Faceplate 35 0.0 0.2 04 0.1 0.7
Metal Bulb 95 5.7 29 1.0 35 13.1
Stem (ceramic) 25 0.0 0.0 0.7 55 6.2
Insulating Plates 16 0.0 0.1 0.2 0.0 0.3
Electrodes 31 0.0 0.1 0.0 0.0 01
Total 202 5.7 3.3 2.3 9.1 204

Expected RI level : 10~30 mBq/PMT
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Analysis Results — Hamamatsu measurements

Isotope Previous Bkg cpd/kg/keV |Hamamatsu Bkg cpd/kg/keV Ratio
40K 1.73 e-03 5.75 e-03 3.3
60Co 2.18 e-04 1.45 e-02 66.5
233y 4.36 e-03 7.87 e-03 1.8
226Ra 3.13 e-03 3.20 e-02 10.2
232Th 3.39 e-04 8.64 e-03 25.5
228Th 1.83 e-03 1.93 e-02 10.5
Total 1.16 e-02 8.81 e-02 7.6
Previous Bkg Hamamatsu Bkg . Previous Bkg Hamamatsu Bkg :
Isotope | b \im(cpdikglkeV) | DMM(cpdikgrkeV) | R2HC |[KMM(cpdikglkeV)| KMM(cpdikgikev) | R2HO
40K 1.54 e-03 5.10 e-03 3.3 6.08 e-05 2.14 e-04 3.5
60Co 5.44 e-06 5.08 e-04 93.4 4.56 e-05 2.96 e-03 64.9
238y 4.22 e-03 7.44 e-03 1.8 2.47 e-06 4.36 e-06 1.8
226Ra 1.37 e-03 1.28 e-02 9.3 2.10 e-04 2.29 e-03 10.9
232Th 9.41 e-05 2,46 e-03 26.1 1.41 e-05 4.60 e-04 32.6
228Th 8.67 e-04 7.54 e-03 8.7 4.25 e-05 5.68 e-04 13.4
Total 8.10 e-03 3.58 e-02 4.4 3.75 e-04 6.50 e-03 17.3
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Background with veto — Hamamatsu measurements

Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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Background comparison veto on/off — Hamamatsu
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measurements
Newest Bkg cpd/kg/keV Previous Bkg cpd/kg/keV
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