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AHHOTaAUMA

* JlaHa HOBaA MHTepnpeTauma AaHHbIX
3KCcnepumeHTa bopeKCTHO.

* [Nlosly4eHO AO0Ka3aTe/IbCTBO CrpaBea/IMBOCTU
moaenm ConHua ¢ Manon MeTanIMYHOCTbIO.

° nOﬂy‘-IEHO AO0Ka3aTe/IbCTBO CyLlWeCcTBOBaHUA
60/1bLLOro KoNAnyecTsa Kaiunda B 3emne.



Borexino detector
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Borexino: the long story..

PHASE-I
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PHASE 1 (2007-2010)
Solar neutrinos

« 'Be v : 15t observation+

precise measurement (5%);

Day/Night asymmetry;
*pep v: 15t observation;
* 8B v with low treshold;
*CNO v: best limit;
Other

*geo-v Evidence > 4.5¢
*Limit on rare processes
*Study on cosmogenics
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PHASE 2 (2012-2016)
Solar neutrinos

* pp neutrinos (Nature 2014)
* seasonal modulations (2017)

“First simultaneous precision
spectroscopy of pp, 7Be and pep
solar v with Borexino Phase-II"

* New results on éB neutrinos

2017 pHASE-1II

2021

o
§

Thermal
insulation

October 2021: End of Borexino data-taking
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PHASE 3
(2017-2021)
Solar neutrinos

2020: First
detection of CNO
neutrinos




Events / (day x 100 tons x 10 keV)

10°

10°

10

10"

10°?

10°

10"

NCTOYHMKM OANHOUYHbBIX COObITUM B BOPEKCUHO

E — Total spectrum
:r 2'06.
- ol ”c
=314 R
- C e — Ext 7
a J [
’ \ ?'OK!
E— Po
_d V')
S e ¥’ Be)
Be —— v(Bo),,
v(CNO)
= o 2108 ne vipep)
- 8 y | 2 . vipp)
38 '
= N pep
[ . ext
= Y
— PP “NO 88
’_A I l 1 1 | L A 1 1

1000

Energy / keV




Flux [cm~2s~1(100keV)~ 1]

=

o
w
I

=
L]
—

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

o« 210Bj comes from 21°Pb

210pp — 210Bj + - (1=33y)
210Bj - 210Po +4- (1=7d)
210Pg < 206Ph +¢ (1=200d)

* At secular equilibrium, the rate of
rate(4'°Po) = rate('°Bi);
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+ 210Po is relatively easy to count since it is a peak and it is an alpha - pulse-shape

discrimination methods can be used:



Pacnpepenenne ckopoctn cyéta 210 Po ot pacctoaHua ot cobbiTnA A0 UeHTpa
BHYTPEHHEro HEMJIOHOBOTO MELLIKA.

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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MHCTPYMeHTbl aHa/in3a AaHHbIX

* [TOUCK MNH. MHOTOMEPHOU DYHKLINN XU2.
AprymeHTamm (mnapameTpamu) ABAAKOTCA
NOJIHblE CKOPOCTU CYETA PA3NNUYHbIX
MCTOYNKOB OANHOYHbIX CODbITUN.

* MoHTe-Kapno nceBao-aKCnepumMeHThl.
BbluncneHne BepoOATHOCTEMN.



Simultaneous precision spectroscopy of pp, '‘Be, and pep solar
neutrinos with Borexino Phase-11

PHYSICAL REVIEW D 100, 082004 (2019)

TABLE II.  Borexino Phase-II results on pp, 'Be (862 + 384 keV), pep, and CNO solar vs: interaction rates and fluxes inferred
assuming the MSW-LMA oscillation parameters [26]. The first error is the statistical derived by profiling the likelihood under Wilks’
approximation. The interval extracted is consistent with the expectation from the MC sensitivity study. The second error is the
systematic uncertainty. Different contributions to the systematic error are detailed in Table I'V. The result on pep vs depends on whether
we assume HZ-SSM or LZ-SSM metallicity for CNO vs. The remaining columns show the theoretical interaction rates and fluxes
predicted by the standard solar model under the high and low metallicity assumptions [3].

Solar v Borexino experimental results B16(GS98)£HZ) B16(AGSSO9)¥LZ\
Rate Flux Rate EJX Rate Flux
[cpd/ 100 ton] [em™2s7!] [cpd/ 100 ton] [em™2s7!] [cpd/100 ton] [em™2s7!]
pp 1344107, (6.1£0.5702) x 10" 1311414 5.98(1+0.006) x 10" 1322+ 1.4 6.03(1 £0.005) x 10"

@ 483+ LIF02 (4,99 £0.11700) x 10° 28 493(1+0.06) x 10° @i 25 450(1+0.06) x 10°
pep (HZ) 243 £0.367)5) (1.27£0.19701%) x 108 274 £0.04  1.44(1 £0.009) x 108 278 £0.04  1.46(1 £0.009) x 10%
pep (LZ) 265403677 (1.39+£0.197015) x 108 274 £0.04  1.44(1 £0.009) x 108 278 £0.04  1.46(1 £0.009) x 10%

:(Ntﬂ <8.1(95%C.L.) <7.9x10%(95%C.L.) ‘4'922 055 4.88(1+£0.11)x10° [T52£0.37  3.51(1+0.10) x 10°

. ~—

48.3- 43.7 =4
8.1-3.52=4

cneposaTe/ibHO Mbl MoXem oTHecTU K 40K 4 + 4 = 8 cobbitnin / cyt. /100 T
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New results on CNO neutrinos
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Results (statistical errors only)
Rate(CNO)=6.6 *20 -, cpd/100t



Bnagumup Hukonaesuu J/lapuH
— co3gaTenb mogenu
«M3HayanbHO boratas Bogopoaom 3emna» unm «fmapuaHaa mogens 3emam» (HE)

OH BbicTynan 8 UAUN PAH.

OH 3aBewan Ham 6opbby
33 NPaBUIbHYIO MOAENDb
3emnu.

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



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.Siney, 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 49K 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. Bezrukoy, I. S. Karpikov, A. S. Kurlovich, A. K. Mezhokh, S. V. Silaeva, V. V. Siney, V.
P. Zavarzina. NHTepnpeTauuna nepBon perncTpaumnm conHedHbix HemtpuHo CNO
umkna getektopom bOPEKCUHO. /1. b. be3pykos, B. 1. 3asap3uHa, U. C. Kaprnukos, A.
C. Kypnosuu, A. K. Mexcox, C. B. Cunaesa, B. B. CuHés. U3BecTna Poccmnimckomn
Axkagemuun Hayk, Cepua pusnueckas. Ne 4, tom 85, ¢.566-569. 2021.

DOI: 10.3103/51062873821040067
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DHEPreTUYECKU CIEKTP OJIMHOYHBIX COOBITUH JieTeKkTopa bopekcuHo.
['opu3oHTanbHAs 1IKAJIA 1aHA B €AMHUIIAX: YHACIIO 3aPETUCTPUPOBAHHBIX
(doTo31eKTpoHOB. KpHBBIE — BKJIa bl pa3IUYHBIX HCTOYHUKOB COOBITUN U UX CYMMa,
[OJTYYEHHEIE B PE3YIILTATE MOATOHKH K SKCIIEPMMEHTAIBHBIM JaHHBIM 11 x2 = 175.8.
YépHas nmyHKTHpHAs KpuBas — BKjIax ot “°K-geo-v coObITHIA.
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Crpoku 1 1 2 — MOJIHBIE CKOPOCTH CUETA OJUHOYHBIX COOBITHI OT Pa3InYHbIX
MCTOYHUKOB, IOJTYYEHHBIC B PE3YJITATE MOATOHKH K SKCIIEPUMEHTAJIBHOMY CHEKTPY
bopekcuno, ¢gaza lll. Ctpoku la u 2a — nipenensl BO3MOKHOIO U3MEHEHHUS TTOJIHBIX

CKOpPOCTEN cU€Ta COOTBETCTBYIOIIEIO HCTOYHUKA, UCIIOJIb30BaHHbBIC ITPU (DUTHPOBAHUMU.

Benuuunsl ganel B equauiax cpd/100t.

7Be pep llC 210p0 21OBi 85Kr CNO 208T|, 4OK_ XZ
214Bj | geo-v
1 |48.4+£09 | 2.7 | 1.740.1 | 41.5+0.4 11.8 8.5 6.5+0.7 | 4.76+0.2 0.0 199.5
1.8+0.3
la | 46+49 2.7 | 1.35+2 | 40+46 9.8+11.8 | 3.5+ 8.5 4.5+8 4.3+5 0.0
1.7+2.0
2 lw@ 1.83+ | 41.1+0.08 | 11.0£0.23 | 8.5+0.24 @ 4.76 /1‘;@' 173.5
0.075 | 0.07 1.79 -
2a | 42+49 | 2.7+ | 14+2 35+ 45 10.7+11 | 3.5+8.5 | 3.5+20 4,76 0+11
2.18 1.79

KonnyectBo sKCcnepuMeHTaIbHbIX ToOYeK - 162




MOXHO n OTKUHYTb moaenb Nel
(bonbluaAd MeTanNINYHOCTb + OTCYTCTBME Kanuma)

* [lycTb B npupoae peanusyetca moaenb Nel.

* Bonpoc: c KaKon BEepPOATHOCTbIO
CTaTUCTMYECKMe PAYKTyaumm 3a Bpems
3Kcno3unuun B pase lll obecneyat npu
dUTUPOBAHUN CTPOKY 2, T.e. byaeT NoNy4YeHo
3HayeHue R(40K) > 7 cpd/100t?



Pacnpenenenue uncia cOObITUN C HAMACHHBIM 3HAYEHUEM CKOPOCTH CU€Ta ““K-geo-v
COOBITHH 13 cMOAENMPOBaHHbIX MoHTe-Kapiio sHepreTuuecKkux CreKTpOB OJUHOYHBIX
coObITHii nerekTopa bopexcuno s I daser. s xpuBoii, nomeuennoit R(4°K) = 0
cpd, mpu MK MomennpoBaHHH SKCIIEPUMEHTA UCITOJIb30BAJICS HA00Op UCTOYHHKOB
coObITHil O3 yuéTa ‘°K-geo-v, a nmpu anamuse ¢ yuétom *°K-geo-v. JIist KpuBoi,
nomeuennoii R(*°K) = 7 cpd, mpu MK MonmenupoBaHuy 3KCIIEPUMEHTA UCIIOIB30BAJICS
HabOp MCTOUYHUKOB COOBITHIA ¢ “°K-(E0-V cO cpeaHel CKOPOCTHIO MMOSBICHHS COOBITHIA
R(4°K-geo-v) = 7 cpd/100t u npu ananuse ¢ yuérom “°K-geo-v.
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CkopocTb cyeTa cobbiTni 19K, (100 1)1t cyT?



BbiBOAbI

* JlaHa HOBaA MHTepnpeTauma AaHHbIX
3KCcnepumeHTa bopeKCTHO.

* [Nlosly4eHO AO0Ka3aTe/IbCTBO CrpaBea/IMBOCTU
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K-geo-v. BbiBoAbl

 Tlomyuennas ckopocTh cuéra ot “°K-geo-v coorBeTcTByeT 4% Kamus Ot
MacChl 3eMJIM. DTOr0 KOJIUYECTBA KAJIKsl JOCTATOUYHO, YTOOBI 00ECIIEUNTE
HaOJII0JaeMYI0 CKOPOCTh HarpeBa OKeaHa.

*  MOXHO IPEIOKHUTH JETEKTOP HOBOT'O MOKOJIEHHSI, KOTOPBINA CMOKET
3apETUCTPUPOBATH NOTOK KATUUHBIX T'€0-aHTUHEUTPHUHO C BBICOKOU
JIOCTOBEPHOCTHIO. DTO — JETEKTOP THIIA BOPEKCHHO, HO ¢ OYHMILEHHBIM OT
PaaINOaKTHBHOCTH HEHIIOHOBBIM BHYTPEHHUM MEIIKOM. JTO ITO3BOIUT
MU3MEPUTH KOHIEHTpaIuio “1°Bi B CHMHTHUIIATOPE U YBEIHUYUT CTATUCTHKY.

*  HMHaueBbIN IETEKTOP COTHEYHBIX HEUTPHUHO.
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