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Motivation

1. There are two alternative Earth models predicting different potassium
abundance.

2. Neutrinos can make a test which model is correct.
3. ¥?> method is a criterium what really can exist in Nature.



Our previous analysis finds sufficient amount of
40K antineutrinos

Energy spectrum of single events in Borexino
and its components.

If to add 49K, y?2 becomes better and all solar
neutrino fluxes satisfy to LZ

LZ model)(2 — 156/152
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We have reproduced Borexino result in phases Il and Ill.
(At conditions: HZ and not taking into account #°K)

Phase Il. Potassium abundance in the Earth and Borexino data, L. Bezrukov, A.
Gromtseva, |. Karpikov, A. Kurlovich, A. Mezhokh, P. Naumoyv, Ya. Nikitenko, S. Silaeva, V.
Sinev, V. Zavarzina arXiv:2202.08531 [physics.ins-det].

Phase Ill. L.B. Bezrukov, |.S. Karpikov, V.V. Sinev, The indication for 4°K geo-antineutrino
flux with Borexino phase-Ill data, arXiv:2304.02747[hep-ex].



https://arxiv.org/abs/2202.08531
https://arxiv.org/abs/2304.02747

Our proposal to Borexino and JUNO

(or other new generation detector)

To perform the analysis of events up and down going.
Prediction: If 49K flux is sufficient upgoing events will prevail.

Similar analysis could be done if to use solar position. At night

number of upgoing events should exceed down going number at
day time.

Final results of Borexino on CNO solar neutrinos

D. Basilico, et al. (Borexino collaboration) PHYSICAL REVIEW
D 108, 102005 (2023)
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Different distribution of potassium inside the Earth gives different angle
distribution of neutrino flux

Uniform distribution of K abundance K abundance ~2% in crust only
~1% on weight
H=204TW, H=5.8TW,
F =3.7-10% neutrino/cm”2/s F = 1.0-107 neutrino/cm”2/s
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Detector for measuring angle distribution of upgoing events

Mass 100-200 t

Pure scintillator

€ Cherenkov

Large surface coverage light cone
with PMTs

N

Good time resolution
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Lets take as base the Borexino detector

2212 PMTs 8” 16000 PMTs 3”
coverage 48% coverage 49%
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Estimation of probability to register Cherenkov light

Scintillation light pulse
For 49K ~(14-16)-103 photons

Cherenkov light pulse
For 49K ~30-40 photons
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Energy limit for the Cherenkov light

Events / (871.37d 71.3t 5ph.e.)
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Number of events will
become less due to the fact
that only electrons with
energy more than 360 keV
can give Cherenkov light.

Solar neutrinos give the same
counting rate for up going and
down going events.
Backgrounds placing inside
the detector will be
sufficiently or completely
(8°Kr) suppressed.
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What will be observed in a detector if potassium flux is comparable
with CNO flux

If we have ~10 events Earth neutrinos
from %K per 100 t per day,

approximately 36500 Solar neutrinom
events will be collected

for 10 years.
This means 0.5%
statistical uncertainty.

-1 0 1 cosé



Conclusion

Borexino demonstrated the possibility to get neutrino direction through the
Cherenkov light from energetic recoil electrons detection.

To solve the problem of potassium abundance in the Earth we propose a detector
that detects Cherenkov light as well as scintillation from ionization.

The detector should distinguish the difference in time between Cherenkov and
scintillation light and detect event direction and vertical one.

The detector should have volume comparable with Borexino detector (~100-200 t) to
collect enough statistics.

Our preliminary estimation to detect neutrinos from the Earth is 100 t detector
working during 10 years.



Thank you for the attention!



Extra slides

XXIII International Seminar on High Energy Physics QUARKS
2026, Petrozavodsk, Russia

14



p-value ANA Hawero aHainm3a U EOpeKCVIHO
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2. PaHee npoBeaeHHbI HAaMW aHaM3 JaHHbIX BTOpoun da3bl Borexino orpaHnymsaer
rMNOTETUYECKUIN NOTOK KasMEBbIX aHTUHENTPMHO HA YPOBHe, cooTBeTcTBytowem 200 TBT
Ha 90% Y/, 4TO TaKXe NPAMO YKa3bIBA€T HA OLUMOKK B UHTEPNPETALMM AaHHbIX TPETbEN
da3bl. ITOT aHaNU3 He NybAnKOBaANCA, MOCKOAbKY MOJIHbIA U3MEPEHHbIN NOTOK Tenaa ot
3emnu coctasnaet ~50 TBr.



[TONHbIN U3MeEpPEHHDbIN MOTOK Tenna oT 3eman coctasnaet ~50 TBT (?)

3TOT n3mepeHHbIn NoTok (47 £ 2 TBT ) HE nonHbIN, TaK Kak

He paccMmaTpuBaeT Apyrme BO3MOXKHbIE NYTU nepeaayn Tenna, Kpome
TenaonpoBOAHOCTM.

ITY BEIMYNHY MOXKHO PACCMaTPUBATb TO/IbKO, KaK HUXKHIOK FPaHULYy TenJ10BOro
noToKa. Npu notenneHmnn mmposoro okeaHa Ha 0.7 K 3a 100 net TpebyeTcs
NOTOK Tenna cHn3y 1300 TBr.
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Mo noBoAy BblaeneHna HanpassieHna Ha ConHue

[lecTBUTENBHO, XaOTUYHO HaMpaB/IeHHbIEe 3N1EeKTPOHbI OT 6eTa-pacnaos,
anbda-yactmubl oT 21°Po 1 sHeprosblaeneHne ot ob6paTHOro KOMNTOHOBCKOTO
paccesHUa ramma-KBaHToB 214Bi, 40K u 298T| adppekTnBHO noaasnatorca. OaHaKo,
eC/IN ecTb NMOTOK OT HEUTPUHO “OK, TO OH NoAaBnAeTca To/IbKO B [Ba-TPU pasa,
MOTOMY YTO NOJIOBUHY cyTOK CONIHLLE HaXxoAMTCA C APYroi CTOPOHbI 3eMNn.

Y106bI UCKNIOUYMTL NOTOK OT °K npu TaKom aHa/inM3e Hago aHaNM3nMpPoBaTb
TONbKO COObITUA, NOSIY4YEHHbIE B AHEBHOE BpeMsA, Korga HenTpuHo ot ConHua
NAYT CBEpXY, a OT Ka/IMA CHU3Y.

Torga TOYHO B aHaNM3e OCTAHYTCA TO/IbKO HEUTPUHO OT CONHLUA M MOXKHO
nposepuTb, byaet M notok CNO TOT XKe cambin, YTO M NPU 0ObIMHOM aHaNM3e
BopeKkcnHo (MK B HOYHOE Bpems).



Kannn B npupoae

Tpu nsotona:
nBa ctabunbHbix (3°K —93.2581%, 'K — 6.7302%)
M OAMNH HecTabunbHbin “°K — 0.0117%

B 3emHoMn Kope coaepuntca ot 1.5 no 2.5% Kanus

CKONbKO Bcero B 3emne?
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Cxema pacnaga 4°K
y
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CnekTpbl aHTUHENTPUHO U HelTpuHO *°K u ero pdf
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Ilnckyccuna

OkasblBaeTcs, YTo 0b6a aHam3a, BOpeKCcMHO 1 Hall, AatoT NPaBu/IbHbIN Pe3yabTaT: HO Y
BopeKkcMHO HenpaBuibHas UHTepnpeTaums.

Halw aHanmM3 nokasbiBaeT, YTO Mbl NpeacKa3blBaem pe3ynbtaT bopeKCUHo: ecnn moaesib
3emnun Hydride Earth n mHoro kKanusa, Ho Kaanem npeHebperaem B aHa/M3e, TO CKOPOCTb
cyeta CNO oKa3biBaeTcs, Kak B aHanm3e bopekcnHo. Mpun aTom cobbITMA NOTOKa Kanus
ysennumsatot CNO no cpaBHeHwUto ¢ LZ. Ho 3HauyeHue y? oKasbiBaetca 6oabwinm (200).

Ecnun 661 peannsoBbiBanacb moaenb bopekcnHo, To y Hac 6bl OKa3zanocb bosnblioe
3HaYeHue ¥2, a y HUX OHO 6bl1a10 6bl HoOpManbHbIM (180).

Muoro Tenna 13 3emaun (~“600 TBT 1 BoO3MOXKHO bonee).
He cornacyetca c usmepenmem W =47 + 2 TBt (bonee, yem B 12 pa3s)!!!
Kyaa gesaetca tenno? loyemy mbl €ro He BUAMM?

Ceiyac oHO naeT Ha Harpes okeaHa (~600 TBT), atmocdepbl 1 N31ly4EHNE B KOCMOC.



C Kannem

4. PA3bITPAHO: 40K — 14, CNO — 3.5, pep — 2.9, 7Be - 46 no moaenu LZ
NuweTca: pep (npeaensl 2.5-3.2), 7Be (44-50), CNO, 40K
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AHanu3 no HanpasaeHuo Ha ConHue

3TO MOAE/IbHbIN aHaNn3

Mpu BbiIBOpE HanpaBieHUA YMeHbLIAETCA 3PPEKTUBHOCTb PETNCTPALUN HEUTPUHO HAPAAY C YMEHbLLUEHUEM
dOHOB.

B apyrom akcnepumeHTe (SAGE) 6bina npoBeaeHa KanMbpoBKa AETEKTOPA M OKA3aN0Cb, YTO CEYEHME Ha
20% meHble, Yem AaeT pacyeT. 3To roBoput o Tom, 4To CNO meHbLle, YTO coBMadaeT C HaWMM aHA/IU30M.



