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Borexino experiment

Borexino Experiment

External water tank 18m ¢

Stainless steel sphere 13.7m ¢
(1320 m3 PC)

Nylon outer vessel 11.0 m ¢

Rope tendons

2200 Thorn EMI 8" PMTs
(1800 with light collectors
400 without light collectors)

Nylon inner vessel 8.5m ¢

Fiducial volume 6.0m ¢

. Scintillator
Steel plates in

concrete for extra
shielding-

10m x 10m x 10cm
4m x 4m x 4cm

View from inner camera

Borexino detects single events from electrons, gammas and alphas



YTo mepsaeT bopekcnHo?

* PacceAHe HENTPMHO Ha 3/1IEKTPOHE. A 3HAUYNUT U AaHTUHEUTPUHO TOMKE.

* ECTb BO3MOKHOCTb OLUEHUTb aHTUHEUTPUHHbIE NOTOKM, HANPUMEP
reoHenTpuHO ot Kanumsa (40K).

* CKO/IbKO KanmAa B 3eme U Kakon NOTOK OH NPoOn3BoaAUT?
* 0.024% paet 0.05 cobbitMmm B cytkm 8 100 1

* 1% - 2 cobbITMA B CYTKMW.
* B Kope 1.5-2.5% Kanuna no macce. CKO/IbKO BHYTPU — HEU3BECTHO.



Final single events spectrum from Borexino done
for 871.37 day of live time measurements

Final Phase-Ill dataset: Jan 2017-Sep 2021; N_,= 110000
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How to analyze the Borexino spectrum?

There is a set of calculated spectra that are applied to fit the experimental spectrum.
Solar neutrinos spectra:

8B, 'Be, pep, CNO (3N, 0, 7F)

Backgrounds:

210pg, 210Bj 85Ky 11C —inner inside the scintillator
208T| 214Bj 40K — coming from outside

Each component has an individual spectrum that is calculated and normalized by unit.
It is pdf — probability density function.

When fitting experimental spectrum one founds coefficients for pdf-s that are
integrals of components.



Fit of Borexino spectrum
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We have reproduced the analysis of
Borexino data the same way



Our fit of Borexino data
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Potassium problem

e Potassium abundance in the crust a, = (1.5-2.5)%

* To explain the fact that the Earth is not melted now, they proposed that it
was melted some time ago, and while cooling the crust was formed and all
potassium comes into the crust (lithophilic element). Then mean
abundance became a, = 0.024%.

* BUT. Large potassium abundance can explain climate changes taking place
on the Earth from time to time.

* There is no evidence of the Earth being melted in the past, it is just
hypothesis.

* Neutrino detection can setup an upper limit on potassium abundance.



We did our own analysis of Borexino data



Comparison of our pdf-s with Borexino
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40K antineutrino and neutrino spectra
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Relative units

40K antineutrino and neutrino spectra transformed

into pdf for the analysis.
40K beta spectrum was transformed too
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Fit of Borexino spectrum with 4°K pdf
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Events / oN,
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R(CNO) = 6.7+2'0 -0.8

R(’Be) =48 +- 2.0
R(%19Bi) <= 10.8 £ 1.0
R(8°Kr) <= 8.5+ 2.0
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R(11C)=1.4+0.2
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INR analysis

No 40K
R(CNO)=6.7+ 1.6

R(’Be) =48 +- 2.0
R(?1°Bi) =10.8 + 1.0
R(8°Kr) =8.5+ 2.0
R(*1°Po) =42+ 2.0
R(11C)=1.7+0.8
R(pep) =1.74 £ 0.04
R(?*14Bi) =1.8 +0.2
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R(CNO)=3.9+0.4
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R(?1°Bi) = 10.7 £ 0.3
R(8°Kr)=8.5+0.4
R(*1°Po) =41 +0.5
R(11C) =1.75 £ 0.08
R(pep) =1.74 £ 0.04
R(*14Bi) =1.8 £ 0.2
R(%98Tl) = 4.7 £ 0.2

R(4K) =11.0+ 1.2

x2=175
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What is probability to find 4°K if it is absent?
Monte Carlo simulated distributions of

0K

counting rate

Entries 100000

Mean 1.667
Std Dev 1.533

Events number
3

E_ R(AOK) =0 cpd R(aoK) =7 cpd
P(R4ox > 7 cpd/100t) = 3x105 in S
f 40K n 10° &= a . :
FAsE 0 absence = ! Distribution of 4°K
And i trast - T counting rates when
P(nR In:?rlllrifod/loot) - 0.93 102 = simulation was done with
40K S = V. =
i R(*°K) = 7 cpd
in case of 4K presence il (7K) P
10 =
Distribution of 40K F
counting rates when 1 B | |
SimUIation Was done E 1 l 1 1 1 l 1 1 1 l 1 L l L 1 1 l 1 1 l 11 1 l L1 1 l 11 1 [ 111
without 40K 0 2 4 6 8 10 12 14 16 18 20
R(*’K), cpd/100t

16



Conclusion

* We learned how to make the analysis of Borexino Collaboration data
data.

We reproduced Borexino result in case of 4°K absence.

We introduced in our analysis 4°K pdf.

* In the analysis with 4°K the y?-value is smaller (175) than the one
without it (200).

* There was performed virtual experiment (M-C) with and without “°K.

* Probability to find large value of 4°K counting rate (>7 cpd) in case of
its absence 5:10~.

* Found large value can signal about 4°K presence in analyzed spectrum
of Borexino single events. This means high enough mass of potassium
in the Earth, but surely > 0. Evidence at level 60 that K abundance > 0.



BoiBOAbI

O6HapyXeHne BO3MOXKHOro 601bLlOoro coaepaHus Kanmsa B 3emae no
NaHHbIM BopeKcnHo TpebyeT AONONHUTENbHbIX UCCAeA0BaAHUN.

TeopeTuKo-pacyeTHoe. [lpoBepKa BANAHMA KOMNOHEHT APYr Ha APYra;
OnpepneneHmne BepoATHOCTM BONbLLOTO 3HaYeHUs CKOPOCTU cyeTa “9K.
N3yyeHne moaenn ConHua.

B BHO AN PAH MmoXHO:

He3asucumoe namepeHue cnektpa CNO B Apyrom sKcnepnmeHTe
(Hanpumep c 11°In).

Pa3paboTKa aetekTopa TMNa BopeKkcMHoO ¢ YNCTOM NAeHKon, bonbLnMm
YyBCTBUTE/IbHbIM 06bemMom U meHbLlUUM poHom 210Pg, 210Bj, 11C 1 Bes
8SKr



