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AHHOTaLMUA

 [laHa HOBaA UHTepnpeTauuAa AaHHbIX
3KCcnepumeHTa bopeKcTHoO.

* [lony4yeHoO AOKa3aTe/IbCTBO CrpPaBea/IMBOCTU
mogenn CosHUa C MaaoM MaTa/I/IMYHOCTbIO.

° I'Ionyquo AO0Ka3aTe/1IbCTBO CyLlecrsOBAHWA
60/1bLIOro KoAMYyecTsa Kaama B 3emne.



Borexino Detector

tainless Steel Sphere
Nylon Outer Vessel
ylon Inner Vessel
Fiducial volume

External water tank ——

Steel plates
for extra
shielding

Location Laboratori Nazionali del Gran Sasso

Start of data-taking 2007

End of data-taking 2021

Detection technique Elastic scattering on liquid scintillator(PC+PPO)
Height 16.9m

Width 18 m

Active mass(volume) 278 tonnes (315 m3) =100 tonnes fiducial



https://en.wikipedia.org/wiki/Laboratori_Nazionali_del_Gran_Sasso
https://en.wikipedia.org/wiki/1,2,4-Trimethylbenzene
https://en.wikipedia.org/wiki/2,5-Diphenyloxazole

Borexino: the long story..

2007 PHASE-I 2010 2012 PHASE-I| 2015 2017 PHASE-III 2021
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Purifications

PHASE 1 (2007-2010) PHASE 2 (2012-2016) :-nhsi:z?clan PHASE 3
Solar neutrinos E, Solar neutrinos (2017-2021)
* 'Be v : 15! observation+ . i Solar neutrinos
precise measurement (5%): 6 C\icles of . pp nGUtrlanS C(INlattl.Jre 2021;,1)7
Day/Night asymmetry: water seasonal modulations ( ) 2020 First
wep v: 15t observation: extraction ' I “First simultaneous precision detection of CNO
« 8B v with low treshold: spectroscopy of pp, 7Be and pep neutrinos
*CNO v: best limit: solar v with Borexino Phase-Il"

Other * New results on ®B neutrinos

*geo-v Evidence > 4.5¢
*Limit on rare processes
*Study on cosmogenics

October 2021: End of Borexino data-taking
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Flux [cm~25~1(100keV)~1]

Borexino detects neutrinos through
scattering on electrons
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How can we measure the 2'°Bi rate independently from the fit?

« 210Bj comes from 2'9Pb

210pp - 210Bj + B (1=33y)
210Bi - 219Po +f (1=7d)
210Pg - 206Ph +¢; (t=200d)

» At secular equilibrium, the rate of
rate('°Po) = rate(*1°Bi);
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+ 219Pg js relatively easy to count since it is a peak and it is an alpha - pulse-shape

discrimination methods can be used:



PacnpeaeneHue ckopocth c4éta 210 Po oT paccTtoaHUa OT cobbiTMA A0 LEHTPA
BHYTPEHHEro HEM/IOHOBOIO MeLLKa.

p? < 0.5 m?, unaligned data

140 —— July 2016 - Feb 2020 (previously published datset)

120 —+— Mar 2020 - Oct 2021 (latest dataset) +
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MHCTPYMEHTbI aHa/IM3a AaHHbIX

* [TONCK MMUH. MHOTOMEPHOMN PYHKLUUNN Xn2.
AprymeHTamm (napameTpamu) aBastoTcA
NO/IHble CKOPOCTU CYETa Pa3/INYHbIX
MCTOYMKOB OZIMHOYHbIX CODbITUM.

* MoHTe-KRap/s10 nceBA0-3KCNEPUMEHTHI.

BbluncneHne BepoOATHOCTEMN.
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New results on CNO neutrinos

N
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- Total fit: p-value = 0.2
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Results (statistical errors only)
Rate(CNO)=6.6 *20 ,, cpd/100t



Bnaaaumup Hukonaesud JlapuH
— co3gaTtenb mogenu
«M3HavyanbHO 6oratas Bogopoaom 3emna» unm «fmapunaHaa mogens 3emnn» (HE)

OH BbicTynan 8 UAU PAH.

OH 3aBeLan Ham 6opbby
33 NPaBU/IbHYIO MOAENb
3emnun.

Chemical Differentiation of Planets: A Core Issue.
Hervé Toulhoat and Viacheslav Zgonnik. The Astrophysical Journal, 924:83 (18pp),
2022 January 10 https://doi.org/10.3847/1538-4357/ac300b



CBA3b MOTOKOB re0-aHTUHEUTPUHO C
BHYTPEHHUM Tenaom 3eM/N.

o 238y 2351, 32Th, *9K decays in the Earth body are the source
of heat and geoneutrinos.

* 233U - ?°°Pb + 8a + 6e + 6V, + 51,7 MeV (47,7)
o 232Th-> 298pp + 60 + 4e + 4V + 42,7 MeV(40,4)
o 40K>%Ca+e+Ve+1.31MeV prob.0,893
->PAr+Y +v, +1.51 MeV prob.0,1066
HE mogenb: Hy, + Hy, = 40 TW, 1% +1.5% - H, = 177 + 265 TW.
BSE mogenb: H, + Hy, = 20 TW, H = 4 TW.

B reo-HayKy BHeApEH pe3ynbTaT ycpegHeHnA n3mepeHmna NoTokKa
BHyTpeHHero tenna 3emnaun: 472 TW.
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Prediction 2015, 2020: Borexino will observe
6 + 9 cpd/100tons as CNO-v events.
Expected from CNO-v in SSM is 4.9 cpd/100tons

Geoneutrino and Hydridic Earth model. Version 2. Leonid Bezrukov. INR Preprint:
1378/2014, January 2014, Moscow. arXiv:1308.4163v2 [astro-ph.EP]

V.V.Sinev, L.B.Bezrukov, E.A.Litvinovich, I.N.Machulin, M.D.Skorokhvatov, S.V.Sukhotin.
Looking for Antineutrino Flux from 4°K with Large Liquid Scintillator Detector, Physics
of Particles and Nuclei.46 (2015) 186, doi:10.1134/51063779615020173;

arXiv:1405.3140 [physics.ins-det]. 1% (K) - 1,8 cpd/100t

L.B.Bezrukov, I.S.Karpikov, A.S.Kurlovich, A.K.Mezhokh, S.V.Silaeva, V.V.Siney,
V.P.Zavarzina, On the contribution of the “°K geo-antineutrino to single Borexino
events. (2020) arXiv:2004.02533v2 [hep-ex]

On first detection of solar CNO neutrinos. arXiv:2007.07371v2 [hep-ex physics.ins-det]
L. B. Bezrukov, |. S. Karpikoy, A. S. Kurlovich, A. K. Mezhokh, S. V. Silaeva, V. V. Siney, V.
P. Zavarzina. NHTepnpeTauusa NepBon pernctpaumm coNHeyHbix HenTtpuHo CNO
unkna getektopom bOPEKCUHO. /1. b. be3spykos, B. 1. 3asap3uHa, U. C. Kapriukos, A.
C. Kypnosuy, A. K. Mexcox, C. B. Cunaesa, B. B. CuHés. N3BecTnsa Poccumnckom
Axkagemun Hayk, Cepua pusmndeckan. Ne 4, tom 85, ¢.566-569. 2021.

DOI: 10.3103/51062873821040067



http://arxiv.org/find/astro-ph/1/au:+Bezrukov_L/0/1/0/all/0/1
http://arxiv.org/abs/1308.4163v2
https://arxiv.org/abs/2007.07371v2
https://arxiv.org/search/?searchtype=author&query=Bezrukov,+L+B
https://arxiv.org/search/?searchtype=author&query=Karpikov,+I+S
https://arxiv.org/search/?searchtype=author&query=Kurlovich,+A+S
https://arxiv.org/search/?searchtype=author&query=Mezhokh,+A+K
https://arxiv.org/search/?searchtype=author&query=Silaeva,+S+V
https://arxiv.org/search/?searchtype=author&query=Sinev,+V+V
https://arxiv.org/search/?searchtype=author&query=Zavarzina,+V+P
https://arxiv.org/search/?searchtype=author&query=Zavarzina,+V+P

nybnnkaummn. 2023

arXiv:2304.02747 [hep-ex, astro-ph.EP]

The indication for 40K geo-antineutrino flux
with Borexino phase-Illl data.
L.Bezrukov, I.Karpikov, V.Sinev

JI. b. be3pykos, 1. C. Kapnukos, A. K. Mexox, C. B.
CuiaeBa, B. B. Cunés. Kakyio p0.110 kajiusi B 3emuie

aomnyckaer 3kcnepuMenT bopexcuno. M3sectus PAH.
Cepus @Ousznueckas. 2023, Tom 87, Ne7, ¢.1047-1050.


https://arxiv.org/abs/2304.02747
https://arxiv.org/search/physics?searchtype=author&query=I.Karpikov
https://arxiv.org/search/physics?searchtype=author&query=V.Sinev

DHEPreTUYECKUI CIIEKTP OJIMHOYHBIX COOBITUH JIeTekTopa bopekcruHo.
[opu3oHTaNIbHAS LIKAJIA JaHA B €AUHULAX: YUCIIO 3aPETUCTPUPOBAHHBIX
(boTo3neKTpOHOB. KpHBbIE — BKJIaAbl PA3JIMYHBIX UICTOYHUKOB COOBITUN U KX CYMMA,
TIOJIy4EHHEIE B PE3Y/BTATE MOATOHKH K SKCIIEPUMEHTAIBLHBIM JaHHBIM 1 > = 175.8.
YépHas myHKTUpHAs KpuBas — Bkiax ot “°K-geo-v coObITHid.
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CKopocTu cuéTta B eauHuuax cpd/100t.
Mogenb 1, exp. — pe3ynbraT Borexino 6e3 Kanus.

Mopaenb 2, exp. — Hall pe3ynbTaT C KalneMm.

Mod.1.exp.

Mod.2 exp.

B16C598 HZ

B16AGSS09 LZ

1 2 3 4
"Be |48.4 4+ 0.9|46.0 &+ 0.84| 4794+ 28 43.7T + 2.5
pep 2.7 278 + 0.05] 2.74 £ 0.04 | 2.78 £+ 0.04
TN
CNO | 6.5+ 0.7 |13.67T £ 0.73 )4.92 4+ 0.55 | (3.52 £ 0.37
7\/_’
e 1.7 1.83 4+ 0.07
210pg | 41.540.4 |41.14+ 0.08
- JKCNnepumMeHTa/IbHbIX
=URi 11.8 11.0 + 0.23 ToueK - 168
UKr 8.5 8.5 + 0.24
WKpeo| 0.0 11 + 0.6
i
33| 1995 (\123_)



MOXHO In OTKUHYTb mogenb Nel
(bonbluaa mMeTanIMYHOCTb + OTCYTCTBUE Ka/inA)

* [lycTb B npupoae peannsyetca mogenb Nol.

* Bonpoc: c Kakon BEpPOATHOCTbIO
CTaTUCTUYECKUE PAYKTYaLMM 33 BPpEMSA
skcno3unumnm B dpase lll obecneyat npwu
dUTUPOBAHUM CTPOKY 2, T.e. bByaeT nosy4eHo
3HayeHue R(40K) > 7 cpd/100t.



Pacripenenenue yrcia COObITUN C HaUJICHHBIM 3HAYE€HUEM CKOPOCTH cUe€Ta ““K-Jeo-v
COOBITHH U3 cMOAeIMPOBaHHBIX MoHTe-Kapiio sHepreTuueCcKuX CIeKTPOB OAMHOYHBIX
coObIThil nerekropa bopexcuno mis 1 daser. dis xpusoit, nomeuennoit R(4°K) = 0
cpd, mpu MK MozaennpoBaHUH SKCIIEPUMEHTA HCITONIh30BaJICS HA00P HCTOYHUKOB
coObIThil 03 yuéra ‘°K-geo-v, a nmpu anammse ¢ yuérom “°K-geo-v. JIas KpuBoi,
nomeuennoii R(*°K) = 7 cpd, npu MK MoneupoBaHuy 3KCIIEPUMEHTA UCIIONIL30BAJIC
Ha0OP UCTOYHUKOB cOObITHi ¢ “°K-ge0-v co cpeiHei CKOPOCThIO TOSBICHUS COOBITHI
R(*°K-geo-v) = 7 cpd/100t u npu anammse ¢ yuérom “°K-geo-v.
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BbiBOAbI

 [laHa HOBaA UHTepnpeTauuAa AaHHbIX
3KCcnepumeHTa bopeKcTHoO.

* [lony4yeHoO AOKa3aTe/IbCTBO CrpPaBea/IMBOCTU
mogenn CosHUa C MaaoM MaTa/I/IMYHOCTbIO.



BbiBOAbI

* JKCNepumeHTa/ZIbHO NOATBEPXKAEHO B
3KCnepumeHTe Borexino npeacKkasaHune moaenm
«boraTtaa Bogopoaom 3emna» 0 HaIM4YNKU B 3em/ie
Kanua B Konundectee 3 + 4% oT maccbl 3emnun.



BbiBOAbI

e MOKHO HPEII0KUTE TETEKTOP HOBOTO ITOKOJICHUS,
KOTOPBIN CMOXKET 3apErUCTPUPOBATH ITOTOK
KaJIMUHBIX T€0-aHTUHEUTPUHO C BEICOKOU
I0CTOBEPHOCTHIO. DTO — AETEKTOP THIIa bopekcuHo,
HO C OYHILEHHBIM OT PaJHOAKTUBHOCTH HEHIIOHOBBIM
BHYTPECHHUM MEIIKOM. DTO ITO3BOIUT U3MEPUTE
KOHILIEHTpanuio *1°Bi B CHMHTHIIIATOPE M YBETUYUT
CTaTUCTUKY.

* VHOUEBBIN AETEKTOP COJHEYHBIX HEUTPHUHO.



CBA3b MOTOKOB re0-aHTUHEUTPUHO C
BHYTPEHHUM Tenaom 3eM/N.

o 238y 2351, 32Th, *9K decays in the Earth body are the source
of heat and geoneutrinos.

* 233U - ?°°Pb + 8a + 6e + 6V, + 51,7 MeV (47,7)
o 232Th-> 298pp + 60 + 4e + 4V + 42,7 MeV(40,4)
o 40K>%Ca+e+Ve+1.31MeV prob.0,893
->PAr+Y +v, +1.51 MeV prob.0,1066
HE mogenb: Hy, + Hy, = 40 TW, 1% +1.5% - H, = 177 + 265 TW.
BSE mogenb: H, + Hy, = 20 TW, H = 4 TW.

B reo-HayKy BHeApEH pe3ynbTaT ycpegHeHnA n3mepeHmna NoTokKa
BHyTpeHHero tenna 3emnaun: 472 TW.
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Conductive Heat Flux: F =aAT/h

Termo resistor Rock Underground Lab.

T1 il

N -
Termo resistor

T2 L




Surface heat flux

Bore-hole measurements

31+1TW
46 + 3 T\
Heat Flow A7 + 2
(same data

SYSTEMAT

Viffarant ac

ES 120

W o

Global Heat Flow Data (Pollack ef al.)

ternational Workshop on Prospects of Particle Physics, Valday, January 2014

Livia Ludhova
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Pe3yanaTb| M3me|8eHMﬂ TemnepaTypbl B CKBaXKMHe
«Pykxoyn» (CraHon, CesepHas AHIuA).

Temneparypa’C

3 (353)= 70

P(E);ij = K T
UJ“’.‘:)E = ¢ohst

T =£"™7



The way of heat transfer in HE model:
the gas carries up the binding energy

* Silane - SiH, - gas from -112 to 450 °C

Formation: Mg,Si +4H* =2Mg?* +SiH, T - Q
Decomposition: SiH, + 2H,0 =SiO, + 4H, T + Q

SiH, slowly dissolves in water and the
decomposition reaction goes slowly under
normal conditions — 20% per day.



ARGO PROJECT: Global array of free-drifting profiling floats that will measure
the temperature of the upper 2000 m of the ocean in real-time




6 -12 hours at surface
to transmit data to satellite

—

I/

Descent to cruising depth
~10 cm/s (~6 hours)

Drift approx. 9 days
Total cycle time 10 days

Salinity & Temperature
profile recorded during ascent
~10 cmv/s (~6 hours)

Cruising depth,
2000 db (2000m)




Argo Project

deu 0

Positions of the floats that have
delivered data within the last 30

days : 3476 Floats



https://www.climate.gov/news-features/understanding-climate/climate-change-ocean-heat-content

fl p - water density, Cp- sea water specific heat capacity, h2 - bottom depth,
H PCp ./h,z T(z) dz h1 - top depth, T(z)- temperature profile
20------|- oo - -
Ocean heat content
E (top 700 meters, quarterly, relative to 1955-2006 average)
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https://www.climate.gov/news-features/understanding-climate/climate-change-ocean-heat-content

e 7cpd/100t:2.18 =3,2% K oT maccbl 3emnu
e 177 TW -3,2% =566 TW
* 566 TW 0,7 - 3:10’s- 30y =3,5-10%3 Joules



BbiBOAbI

* Hann4yme B 3emne Kanumsa B Konnyecrtee 3 + 4% or
Maccbl 3eM/In AOCTAaTOYHO, YTODObl 0O BACHUTDL
Habntoaaembin B akcnepumeHTe ARGO Harpes
OKeaHa.

* [lpeanoxeH cnocob nepenaym paanoreHHoro Tensa
OKeaHy yepe3 obpa3oBaHME rasa CMNaH Ha
rnybuHax B 10 KM B npouecce BbIXxo4a BOAOpPOAa M3
3emMmnu.



Infrared photo of the Moon during eclipse
The metal ball covered by old blanket with the holes

Copernicus







Negative charge is under lithosphere. L.B.Bezrukowv.

The International Astroparticle Physics Workshop
July 22 - 27, 2012. Ulan-Ude, Baikal, Russia
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[loknaabl AKagemummn Hayk. 2018.

J1. b. be3pyKos, B. 1. 3aBap3unHa, A. C.
Kypnosuuy, b. K. Jlybcanpopxues, A. K. Mexox,
B. 1. Moprantok, B. B. CnHes.

Ob OTPULATEJ/IbHO 3APAXKEHHOM CJ/IOE

SJIEKTPUYECKOTIO NONA 3EMJIN // Aoknaapbl
AKagemumn HaykK. 2018. T. 480. Ne 2. C. 155-157.
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* A graph of the sun’s total solar irradiance shows that in
recent years irradiance dipped to the lowest levels recorded
during the satellite era. The resulting reduction in the
amount of solar energy available to affect Earth's climate
was about .25 watts per square meter, less than half of
Earth's total energy imbalance.



Mapagokc cnaboro monoaoro ConHua

* Habnwgaemoe NnpoTnBopeymne
MeXay NaneoKIMMaTUYeCKMMU AaHHbIMU
N acTPOPU3NYECKUMU MOAENAMMU
sgontoumm ConHua. CtaHOapTHaA
MoAe/ib 9BOJIIOLUUU 3BE3 YTBEPKAAET, YTO
4 mnpa net Hasag ConHue nsnyyano
npnbansntenbHo Ha 30 % meHbLle SHEePTnn, Yem
cenvac.

* Ha Mapce TaKKe ycTaHOBAEHbl cnefbl TENAOMo U
B/1AXKHOTO KAMMarTa.



https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B5%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%82%D1%80%D0%BE%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%91%D0%B7%D0%B4%D0%BD%D0%B0%D1%8F_%D1%8D%D0%B2%D0%BE%D0%BB%D1%8E%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%81_(%D0%BF%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0)
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