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Motivation

Check of the model prediction of high potassium content in the Earth.
BSE 0.024%
Hydridic Earth (1-4)%

What is the radioactivity input in Earth thermal flux?

There is only one detector that can test it — Borexino!



Earth Thermal flux parts? According to BSE

5 Sm+Rb
~0,1TW
(<0.5%)

Urey = 0.46

Total heat flux is (BSE) 47 + 2 TW. Radiogenic heat is less than a half (19-20 TW)

From the talk by Oleg Smirnov
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To get radiogenic part of Earth heat flux one needs to detect
antineutrinos, produced by long lived isotopes of natural radioactivity
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Using IBD reaction it is possible to
detect only 238U/232Th neutrinos.

Antineutrinos by #°K are below than
1.8 MeV IBD reaction threshold.
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Maximal antineutrino energy of “°K (1.3 MeV) lays below (1.8 MeV) IBD
reaction threshold.

But reaction of antineutrino scattering on electron has threshold equals
to the electron binding energy on electron shell (~eV).

Detector that can detect recoil electrons from 4K antineutrinos just
exist.

Borexino detector!



Neutrino and antineutrino detector —
Borexino in LNGS, Italy

e Overburden 4200 m.w.e.

* Liquid scintillator volume 315 m3 placed in thin
(125 um) nylon film.

* Single events from neutrinos and antineutrinos
are detected. Mainly from the Sun

 Due to radioactive containment of the film
sensitive volume was decreased down to 73 t.
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Borexino measurement result in 2022.
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Our analysis of Borexino data

Events / (871.37 d x 71.3t x 5 ph.e.)
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Reproducing the Borexino result as well

Single events spectrum in Borexino detector
and its components are shown

HZ model y2 =198

Reno = 6.7 —7.0 ev. per d/100 T
Rioc =0 ev. perd /100 T
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Borexino Collaboration doesn’t use in the analysis antineutrino fluxes
accounting them too small and not affecting the result of solar
neutrinos measurement.

But, high potassium content in the Earth is predicted by one Earth
model. The model is — the hydrogen Earth.



We added in the analysis all antineutrino fluxes
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Acounting of antineutrino fluxes in the
analysis

Nuclear reactor antineutrino flux appeared negligible comes to be zero, i.e. it is
really small (< 0.01 cpd/100 t)

Geo-antineutrino flux from 238U/232Th as a result of minimization also comes to
be zero. Again it is really small (< 0.1)

But 4°K antineutrino flux in the analysis appear highly not zero, in spite of its

predicted small value by BSE (< 0.1)
So, it is not proved that 4°K flux is small!
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Adding of 4°K events in the analysis
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Single events spectrum in Borexino detector
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Our analysis result

R, cpd per 100t

_- Borexino -mﬁ

2.7 £0.04 2.810.3
COJIHEYHbIE 7Be 48 + 2 44 48 454+ 1.6
CNO 6.7+1.6 3.5 5.0 2.6+0.6
8B 0.15 0.12 0.18 0.12 £ 0.05
reo 40K 0 <11.

Mpu BBEAEHUM FEOAHTUHENTPUHHOIO U PEAKTOPHOIO CNEKTPOB NOTOK BOPHbLIX HEUTPUHO aBTOMATUYECKU
3aHMMaAET CBOIO HULLY, B TO BPEMA KaK 6e3 HMUX OH CTPEeMUTCA 3aHYIUTLCA. B cnay nx manocTn oHu
NEeNCTBUTENIbHO CTaHOBATCA OYEHb MaNeHbKUMU. B To Bpems, Kak cnekTp “°K, HaobopoT, CTpemunTca yBeanymTcs.
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The order of accounting 4°K in the analysis

’Be(862) pep 8B CNO 40K 2

48.4+1.2 2.74 0.16 7.6+1.2 0 198.405
459+1.3 2.74 0.16 4.4 +0.6 11 170.834
45.4 1.6 2.8+0.3 0.12 £ 0.05 5.2+1.6 11 169.075

43.6 £1.5 29%0.3 0.14 £ 0.05 2.60.6 19.1+2.5 161.102

3.1+0.6 cpd/100t O.CmupHos, 34AA 2013, 10(7) 1225.



Virtual experiment

Events number
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Borexino single events spectra were played
off at different sources counting rates, to
understand if there is a possibility to get
high 49K flux in its absence.

pep, 7Be, CNO, 2108, 210pg, 208T|, 214B; 40K,
11C’ 85 Kr

High Sun metallicity and 4°K absence
cannot reproduce high 49K counting
rate, following from the analysis 11
cpd/100 t.



Change of 4K antineutrino caused recoil
electron spectrum on %K beta spectrum

Recoil electron spectrum from 4°K is changed
on “°K beta one.
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Recently the Borexino article was published, supported their previous result on
CNO neutrinos. In the article they account the direction to the Sun in registered
recoil electrons.

“Combined directional and spectral analysis of solar neutrinos from Carbon-
Nitrogen-Oxygen fusion cycle with Borexino Experiment” Proceedings of Science,
2023. The European Physical Society Conference on High Energy Physics (EPS-
HEP2023) 21-25 August 2023, Hamburg, Germany

6.7112 (stat. + syst.) cpd/100 t
But, in the analysis anyway they fixed the pep flux, according to the HZ model.

This means that the analysis is model dependent.



Final results of Borexino on CNO solar
neutrinos

D. Basilico, et al. (Borexino
Collaboration) PHYSICAL REVIEW D 108,
102005 (2023)
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Conclusion

Potassium in the Earth exists in high abundance!

The Sun is young!
High potassium abundance in the Earth is found ~3.5%.

Accounting of 9K allows to approve all solar neutrino fluxes in one
model (LZ).

Thermal (heat) flux is not stable, it can change in time.

Thermal (heat) flux # heat production!
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hank you for the attention!



Extra slides
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YTO TaKoe reoHenTPUHO?

3emnA coaepxnt goaroxkmsyume pagmnoakKtuBHblE 3/1EMEHTDI B pa3H0171

KOHUEeHTPaumnnm n, BO3SMOXKHO, PaCNOZI0KEHHbIE JIOKAJ/IbHO B PA3HbIX obnacrax
M1aHETHI.

K Takum anemeHTam oTHocATcA ypaH (23823°U), Topuit (232Th) u kKanui (*°K).
a, = 2x108r/r

am, = 8x108 r/r

a, = 1.5-2x10°% r/r, Ho copeprkaHue 4°K B npupogHoit cmecn 0.0117%



YTo mbl Habaogaem Ha 3emne cenyac?

* YcuneHue gerasaumm — ysesmyeHme napHUKosoro spdeKTa 3a cHeT
BOAHbIX NAapOB, YCUeHMEe BY/IKaHU3Ma, NoBbllLeHMe KoHUeHTpaLuun CO2,
yBe/InYeHne noxKapos.

* BbICTPbIN Harpes oKeaHa U aTmocdepbl.

* YBe/IMYeHMe YacToTbl 3eMNEeTPACEHUIN, NOAB/IEHME PAa3/I0OMOB B 3€MHO
Kope.

Bcé 3TO MOXKHO 06BACHUTL B paMKax 04HOMN moaenmn —
(MapnaHon mogenm 3emnm.
He ncknto4yeHo BanAHME UBMEHEHME NOJIOXKEHUA OCK BPpalleHUA 3eMnun



TeI'II'IOBbI,EI,eerHI/Ie OT PAaANOdKTUBHDbIX

2J/1IEMEHTOB

E B Y PR T P

2 x 1078 0.81 x 10%7
BSE
Th 7.8 x 10-8 3.16 x 10%7 8.5
K 2.28 x 107 0.49 x 1021 1.8
Bcero 18
N3mepeHune 47
H=9.5 M(U) + 2.7 M(Th) + 3.6 M(K) /
Ecam ag = 0.01, H(K) = 205 TBT < ?
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3.9
1.14 x 104
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APTryMeHTbl B MNOJ/Ib3Y Ma/1Ioro NOTOKa3



OTKyZa B3A/10Cb 3HayYeHue a, = 0.024% B BSE?

a, B Kope (1.0-2.6) %
M; =5,9726-10%% Kkr

Macca kopbl 0,473% obueit maccbl 3emnn. M., = 2,83-10% kr,
M iy = 7,06-1020 Kr

ay B 3emne nonydaetca 0.012%, HO, C y4eTOM HEKOTOPOro COAEPHKAHNA B MAHTUMY,
YBENNYUBAIOT 3TY BeNnYUHY BABOe 1 nonyyatot 0.024%.



Elle ogHa oueHKa coaepXaHmAa Kaama B
3emne

3emMHasa aTmocdepa COCTOUT U3:

N, — 78.08 %

0, -20.95 %

Ar— 0.93 %. N3oTon 40Ar !
CO,-0.03 %

H,0 — (0.1 -1.5) %

Mam = 5.15-1018 Kr — 3Haunt M, . = 4.79-101'° kr. Cuntaetca, 4to 370 BCe OT pacnaga “°k,
TaK KaK 3TOT n3oton ToXxe nmeet maccy 40. 3ToT Kanmmn pacnanca 3a 4.5 mnpa nert.
3HauuT ocTanock euwle Kanua N(t) = Nye* . Eciii mocuuTaThb, TO I0OJIy4aeTcs
3.36:10%° Kr. 3TO cpaBHUMO C 4.9-10%° Kr cornacHo BSE, ec/i1 cumTaTh, YTO BbILIAA

TonbKo 1/10 yacTb BCero aproHa us 3emnmu.



BbiaeneHue HanpasaeHnsa Ha CoNHLE He CUAbHO
YMeHbLUaeT A0/0 MOTOKA aHTUHENTPUHO 13 3eMNu

ConHue

leTeKTop
HanpaBneHue Bbl/ieTa aneKTpoHa

ConHue B 3eHUTE
oTAa4u

e



BbiaeneHue HanpasaeHnsa Ha CoNHLE He CUAbHO
YMeHbLUaeT A0/0 MOTOKA aHTUHENTPUHO 13 3eMNu

HanpaBneHue BblAEGTA 3/1IEKTPOHA
OoTAQun

[leTeKTOop
ConHue B Hagupe

ConHue
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ApPrymeHTbl B N0/1b3Y DONbLWOro NOTOKA



JHeprua, HaKOMAEeHHaA B BEPXHEM C/0€
MMPOBOro okeaHa (4o 700 m)

OCEAN HEAT COMPARED TO AVERAGE

Heat content anomaly (10?2 Joules)
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W = AE/At,

AE = 1.1x10%3 O
At =13 net

W =268 TBT
W =202 TBT
W =226 TBT
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ROCBeHHble AaHHble

* WM3mepeHune TensIoBOro NoToKa Ha JlyHe amepUKaHCKUMM
acTPOHaBTaMM
* KM3mepeHune TemnepaTtypbl JIyHbI BHYTPU MPU MOMOLLM PaANOBOH



