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JxcnepumMeHT «Borexino» B 2019 1.

B 2019 r. xommabopanus «Borexino» moiydnia HO-
BBl OTPAHMYEHUS HAa HECTAHJApTHHIE B3aUMOJCHCTBUS
HEUTPHUHO, OMyONMKOBajia pe3yabTaThl MOMCKA MOJEINb-
HO-HE3aBUCHMBIX HEWTPUHHBIX M aHTHHEHTPHHHBIX
acTpo(M3MYECKUX IIOTOKOB, a TAaK)Ke HOBBIC PE3YJILTAThI
110 AaHTUHEUTPHHHBIM ITOTOKaM OT PAcIajoB IEMEHTOB B
3emiie, Tak Ha3bIBAEMbIX TEOHEHTPUHO.

[Mouckn wHecTanmapTHBIX B3amMmopeictuii (HCB)
HEHTPHUHO MPOBOIMIIMCH HA OCHOBE JIaHHBIX BTOPOM (a-
3BI SKCTIepUMeHTa [1]. DTH HaHHBIC YK€ UCTIONB30BAINACH
paHee IS MOMCKA pachajaa 3JIeKTPOHA M yCTAHOBICHUSA
MpeJesIoB Ha MarHUTHBIH MOMEHT HelTpuHo. Ilomck
HCB, paccmarprBaeMbIX HEKOTOPBIMU (U3HYECKUMHU Te-
opusmu BHe CranpgaprHoir momenu (CM), nposomuics
ITyTEM MCCIIE0BAHMS JIOyCTHMBIX OTKJIOHEHHH SKCIIe-
PUMEHTAJIBHBIX CIIEKTPOB OT TEOPETUYECKH MPEACKa3bIBa-
embIx B paMkax CM. CrekTpbl dIEKTPOHOB OTAA4H, Ha-
Oironaemble B «Borexinoy, onpenensiroresi 3aBUCSIIeH OT
SHEPruM BEPOSATHOCTHIO Py.(E) BEDKMBAHMS 3IEKTPOHHBIX
HEUTPUHO U KUPAJIbHBIMU KOHCTAHTAMM CBA3U HEUTPUHO

0. Yu. Smirnov

Borexino in 2019

In 2019, the Borexino collaboration has presented
the results of the search for non-standard neutrino interac-
tions, model-independent limits on neutrino and antineu-
trino fluxes from astrophysical sources, as well as a new
analysis of the antineutrino fluxes from the Earth, the flux-
es of the so-called geoneutrinos.

The search for the neutrino non-standard interactions
(NSI) was performed with Borexino Phase II data [1].
These data were used earlier to search for the electron de-
cay and set limits on the neutrino magnetic moment. The
search for the neutrino NSI, considered by some physics
theories beyond the Standard Model, was carried out by
searching for the deviations of the observed spectra from
those predicted by the SM. The electron-recoil spectra
observed in Borexino are determined by the energy-de-
pendent solar v, survival probability P..(E), and chiral
couplings of a neutrino and an electron. The NSI would
modify both the chiral couplings (modifying the elec-
tron-recoil spectra) and the P, (modifying neutrino prop-
agation through the Sun). The analysis was restricted by
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u smekTpora. HCB MoryT m3MeHNTh Kak KHpaJbHBIE CBS-
31 (4TO MPUBOJUT K U3MEHEHUSM B CIEKTPE AIEKTPOHOB
OTHa4N), TaK ¥ BEPOSITHOCTD Py, (3a cYeT BIUSHUS Ha IIPO-
LIECCHI pacpOCTpaHEeHUs HeUTpUHO B BenecTBe ConHIa).
AHanu3 POBOAMICS TS apOMaTOBO-IHArOHAIBHBIX B3a-
UMOJEUCTBUM VISl DJIEKTPOHHBIX U Tay-HEUTPUHO, B IIPU-
MEHEHHH K MIOOHHBIM apoMaram 0oJjiee CHIIbHBIE OIpaHH-
yerns Ha HCB momy4deHs! B yCKOPHTEIBHBIX SKCIICPUMEH-
Tax. He ObUTO HAl/ICHO HUKAKHX yKa3aHWH Ha HAJIUYKC
HCB Ha ypoBHE YyBCTBHTENBHOCTH JKCIIEPUMEHTA, YTO
MO3BOJIMJIO YCTAaHOBHUTH COOTBETCTBYIONIHE OTpaHHue-
nust Ha napamerpsl HCB (puc. 1). boree Toro, momydeHst
orpaHuueHus Ha yron BaitaOepra (sin20,), cpaBHUMBIE
C OTpaHWYCHHUSMU, TIOJTyYCHHBIMH B SKCTICPUMEHTAX C pe-
AKTOPHBIMHM aHTUHEUTPUHO. JlaHHBIN aHATN3 POBOAUIICS
cuiiamMn nyOHeHckuX ¢usnkoB. ITo pesynbraram paboThl
ObLITa 3aIIMIeHa KaHIUaaTCKast quccepramus [2].

Jpyras pabota, 3akoHuenHas B 2019 1., mocpsiiieHa
MTOWCKY HEUTPHHO M aHTUHEUTPHHO OT acTPO(HU3NICCKIX
nctouaukoB [3]. TlomydeHbl MOJEIbHO-HE3aBUCUMBIC

the case of flavor-diagonal interactions, and only the elec-
tron- and tau-flavors were considered, because the muon
flavor NSIs are strongly restricted by the accelerator mea-
surements. No indications of new physics were found at
the level of the detector sensitivity, and some competitive
constraints on the NSI parameters were placed (see Fig. 1
for example). In addition, the Weinberg angle (sin26)
was obtained with a precision comparable to that achieved
in reactor antineutrino experiments. The analysis was per-
formed by the Dubna group physicists. A. Formozov de-
fended a PhD thesis based on the work [2] in 2019.

The other work completed in 2019 was devoted to the
search for neutrinos and antineutrinos from astrophysical
sources [3]. The model-independent upper limits on the
antineutrino fluxes from unknown sources in the energy
range of 1.8-16.8 MeV were established, exceeding the
previously published ones by a factor of 2.5. Using the
same data set, the first experimental constraints on the dif-
fuse supernova anti-v, fluxes were obtained in the previ-
ously unexplored region below 8 MeV, and the limits on
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OTPaHWYCHHUS] HA aHTHHEHTPHUHHBIC ITOTOKH B JTHAIla30HE
sHepruii 1,8-16,8 MaB, B 2,5 pa3a Oornee CHIbHBIC, YeM
omybnukoBaHHBIE paHee. C TeM e HaOOpOM TaHHBIX TIO-
Jy4eHBl TIEpPBBIC IKCIIEPUMEHTAIbHBIE OTPAHMYCHUS HA
OTOK AN Y3HBIX AHTHHEHTPUHO OT CBEPXHOBBIX B pa-
Hee He MCCIENOBAHHOW o0nacTh sHepruil Hmxke 8 M»B,
a TaKoKe YITydIIeHbl OTPAaHNYEHHS Ha MOTOK aHTHHEUTpPHU-
Ho or Comuna. IlpucyTcTBue mocierHux B MOTOKE COI-
HEYHBIX HEHTPHHO ObLIO OBl IPOSBICHHEM aHOMAIBHO
0OIBIIOT0 MArHUTHOTO MOMEHTA HEHTPHHO, IIPHBOSIIIM
K KOHBEPCUU MalOPaHOBCKMX HEUTPUHO B aHTHHEUTPH-
HO 3a CYeT KOMOHWHAIINM MEXaHW3Ma CIIMH-apOMaTOBOM
MIPEIIECCUH B CHIIBHOM MarHUTHOM ronie CosHIa 1 Hel-
TPUHHBIX OCIWIUIANKH. B mpenmonoxkennu, 9to dopma

Puc. 1. Orpannuenust Ha 061acTs napamerpoB HCB B mockoctn seL/R
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9HEPreTUYECKOr0 aHTUHEHTPUHHOIO CIEKTpa COBIAIaeT
c (QopMO# CIeKTpa OT COJNHEYHBIX OOPHBIX HEUTPHHO,
MOJIyYeHO OTpaHWYCHUE HA MOTOK COJNHEYHBIX aHTHHEMH-
TpuHO @ <384 cm 2- ¢! (90%-if ypoBeHb JOCTOBEPHO-
ctH (y.1.)), YTO COOTBETCTBYET IpeIeTy Ha BEPOSTHOCTH
KOHBEpCHH P(Ve — V) < 7,2 - 1075 (90 %-i y. 1.) ipu sHeEp-
THSIX BBIIIE DHEPTHU oOpaTHOro OeTa-pacraga MpOTOHA,
aumerHo 1,8 M»aB. [Ipu 6oee HU3KUX YHEPTUAX TIPEIEITBI
Ha BEPOATHOCTh KOHBEPCHH HEHTPHUHO TOIYYEHBI U3 H3Y-
4eHHs: (POPMBI CHEKTpa IEKTPOHOB OTHA4YM JUIS CONTHEY-
HBIX OCpHIIIHEBBIX HEUTPHUHO ¢ SHeprueit 862 k3B, HOBEII
npenen coctaBmi P(v, — Vi) < 0,14 (90 %-it y. 1.). U, Ha-
KOHEII, HCCIIEI0BaIach TUIIOTe3a 00 M3JIy4eHHH HeHTpH-
HO TP COJIHEYHBIX BCIIBIIIKAaX ITyTeM MOMCKa HEHTPUHO

, OJTy4eHHbIe Kotaboparuei «Borexinoy, B CpaBHEHNH C pa3-

peIIeHHBIMI 00TaCTSMH TapaMeTpPOB, MOIYYEHHBIMHU B JPYTUX dKcIepuMeHTax. IIpu anamuse ucnonb3oBainch 00a Bapuanta CraH-
naptHoit monenu Conaua: ¢ Beicokoit (HZ, crutomHast kpacHas) u ¢ Huszkoit (LZ, mrpuxoBast KpacHast) METaUTMYHOCThI0. OrpaHnye-
HUS, TTOTyYCHHBIC U3 ITOJTHOTO aHAIN3a JAHHBIX COHEYHBIX YKCIEPUMEHTOB, 0003HAUCHBI YePHOIT MyHKTUPHOH TnHKEH. Bee KoHTypBI
cooTBeTCcTBYIOT 90 %-My y. 1. (Just AByX cTenenei cBoOoxer). Toueunast cepast IMHUSL OTpaHUYUBACT 00IACTh IMAapaMeTPOB &', OTBET-
cTBeHHBIX 3a BiausHre HCB Ha nmpoxoxaenue HeliTpuHO B Bemectse ConHIa
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Fig. 1. A region for NSI parameters in aﬁ/R plane obtained by the Borexino collaboration compared to the allowed regions obtained in
other experiments. Both existing variants of the Standard Solar Model were tested: HZ-SSM (filled red) and LZ-SSM (dashed red). The
bounds from the global analysis of solar neutrino experiments are presented by dashed black line. All contours correspond to 90% C.L.
(2 d.o.f)). The dotted gray lines represent the range of &' parameter, relevant for NSIs at propagation

the solar antineutrino fluxes were improved. The presence
of these anti-v, in the solar neutrino spectra would be a
manifestation of a non-zero anomalous magnetic moment
of Majorana neutrinos, making possible their conversion
into antineutrinos in the strong magnetic field of the Sun
due to the spin-flavor precession mechanism in conjunc-
tion with the neutrino oscillations. A limit for the solar an-
ti-v,, flux of 384 cm™2 - s7! (90% C.L.) was obtained assum-
ing an undistorted solar 8B neutrino energy spectrum. The
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limits correspond to the transition probability p(v, — anti-
ve) <7.2-107 (90% C.L.) at energies above the thresh-
old of the reaction of the inverse beta decay of the proton,
namely 1.8 MeV. At lower energies the spectral shape of
elastic scattering events was used to set limits on the solar
"Be neutrinos conversion into the anti-v, at 862 keV, the
new limit is p(ve — anti-v,) <0.14 (90% C.L.). Finally,
the solar flares were considered as possible neutrino sourc-
es; therefore, the search for neutrinos of all flavors was




B JIABOPATOPUAX MHCTUTYTA

BCEX apOMaTOB B COBIAJEHHUH C MOCIETHUMH. B pesyis-
TaTe MPOBEIEHHOTO MCCIIEAOBAaHMS IMOMy4YeHBI Hanboiee
CHJIbHBIE OIPaHUYCHMS] Ha IUIOTHOCTh HEHTPHUHHOTO I10-
ToKa B oOmactu sHepruil 3—7 M»pB. Ecnu nmpenmnonokuts
MIPOTIOPIIMOHATBHOCTh TOTOKA HEWTPUHO WHTEHCUBHOCTH
COJIHEYHBIX BCIIBILIEK, TO JaHHbIe «Borexino» uckioua-
10T MHTEHCHBHYIO COJIHEUHYIO BCIIBIIIKY KaK IIPUYNHY Ha-
OmromaeMoro M30BITKa COOBITHI B Habope maHHBIX No 117
XJIOp-aproHoBoro skcrnepumenta «Homestake» (BNL,
CLIA).

HeiiTpunnas reopusnka, WM n3ydeHNe BHYTPEHHETO
CTPOEHMs 3eMIIH ITyTEM U3MEPEHHUSI HEHTPUHHBIX TIOTOKOB
Ha ee TMOBEPXHOCTH, SIBIISIETCS HOBOM MEXKIUCIUILTHHAP-
HOW 00JIaCTHIO HAayKH, OBICTPO Pa3BUBAIOLICHCS HA CTHIKE
TeoJIOTHH, TeODU3NKH W (PHU3UKH YacTHIl. [ eoHEHTpHHO
MPEJCTABISIIOT CO0OM aHTHHEHTPUHO OT pacmajoB JOJ-
TOXKMBYIIIUX €CTECTBEHHBIX PaJMOaKTHBHBIX H30TOIIOB,
OTBETCTBEHHBIX 32 PaJIMOTEHHbIN TETIIOBOM MMOTOK 3eMJIH.
TcOHEHTPHHO HECYT YHHKAIbHYIO HH()OPMAIIHIO, KOTO-
past MOKeT OBITh MCHOJIB30BaHa MPH TOCTPOCHHH MOJIe-
nei xumudeckoro crpoeHnst 3emun. IlonpoOHbIit 0030p
SKCTIEPUMEHTATBHON HEUTPHHHON Te0(PHU3UKH OITyOINKO-
BaH B 2019 r. wnenom ayOHeHckoi rpynmsl O. 0. Cmup-
HOBbIM [4]. B HacTosiliee BpeMst TOJIBKO J1Ba JIETEKTOpA,
«Borexino» 1 KamLAND, mocturmu ypoBHS 4yBCTBH-
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TENIBHOCTH, HEOOXOIMMOTO Ui PErHCTPalMi T'€OHEHT-
pHHO.

HoBble n3MepeHus: reoHeHTpHHHOTO TIOTOKa B «Bo-
rexino» BBIINTOJIHCHBI HAa JAaHHBIX, Ha6paHHLIX B TCUCHHC
3263 cyr, B nepuo ¢ aexadpst 2007 1. mo anpens 2019 .
Kputepuu oTOOpa aHTHHEHTPUHHBIX KaHIUIAATOB OBbI-
JM ONTHMHU3UPOBAHBI B CPABHEHHU C MPUMEHSBIIUMUCS
panee. B pesynbrare JHOCTUTHYTO 3HAYUTEIBHOE YBEIHU-
yerne d(p(HEeKTUBHON SKCMO3HINH, TIIaBHEIM 00pa3oM 3a
CUET YBEIIMYEHHsI JIOBEPUTEIHHOTO 00beMa JIETEKTOpa |
MpUMeHEHHsT 0oJiee CIIOKHOTO0 0TOOpa COOBITHI KOCMO-
renHoro ¢ona. Ha skcrio3unum, B 7jBa pas3a IpeBBIIIAIO-
el MCIOJIb30BaBIIYIOCS NPH TPEIBbIAYIEM aHaInu3e U

nocrurmeit (1,29 +0,05) - 1032 mpotonos * o, HabI0-

+94 +2,7 o
paercst 526 ¢ ¢ (crar)) )| (CHCT.) F€OHEHTPUHHBIX COObI-

Thii or pacnanos 238U u 232Th, coOTBETCTBYIOIMX TeO-
o +8.4 +24
HelitpuHHOMY curiany 47,0_;5 (crar) |’y (cucr.) TNU",
TOYHOCThH U3MEPEHHSI TEOHEHTPHUHHOTO CUTHAJIA JIOCTUIIIA
+18,3 +—17,2%. Otnomenne macc M(Th)/M(U) B oc-
HOBHOM aHain3e (UKCHUPOBAIOCH MPU 3HAYEHHH, TMOJY-

* 1 TNU (Terrestrial Neutrino Unit) cOOTBETCTBYET OJHO-
My B3auMOJieiicTBHIO Ha 1032 IPOTOHOB MHUIIEHH B TOJ (CTOIBKO
MIPOTOHOB COJCPKUTCS MPUOIH3UTENBHO B | KT THIIMYHOTO Opra-
HHYECKOr0 CLHHTUILISATOPA).

performed in coincidence with the solar flares. The stron-
gest up-to-date limits on the neutrino fluence of all flavor
neutrinos below 3—7 MeV were obtained as a result of the
search. Assuming the neutrino flux is proportional to the
flare intensity, an intense solar flare was excluded as the
cause of the observed excess of the events in Run 117 of
the Cl-Ar Homestake experiment.

Neutrino geoscience, the study of the Earth’s interior
by measuring geologically produced neutrino fluxes at its
surface, is a new interdisciplinary field of science, rapidly
developing as a synergy between geology, geophysics and
particle physics. Geoneutrinos, antineutrinos from long-
lived natural isotopes responsible for the Earth radiogenic
heat flux, provide valuable information that can be used for
designing possible models of the Earth’s chemical compo-
sition. A comprehensive review of the experimental geo-
neutrino study was published by O.Smirnov [4] in 2019.
At present, only two detectors, Borexino and KamLAND,
have reached the level of the sensitivity necessary for the
geoneutrino detection.

New measurements of geoneutrino fluxes with
Borexino were performed with 3263 days of data taking
between December 2007 and April 2019 [5]. Compared to

1

previous analyses, data selection criteria were significant-
ly optimized. As a result, a significant gain in exposition
was achieved due to the use of enlarged fiducial volume
and application of a sophisticated cosmogenic veto. The
reported exposure of (1.29 = 0.05)- 1032 protons X year
represents an increase by a factor of two over the previous

Borexino analysis. In total, 52.62:2 (stat.) 3]7 (syst.) anti-

neutrino events associated with decays of 238U and 232Th
were observed, corresponding to the geoneutrino signal of

470757 (stat) "7 (syst.) TNU" with a +18.3 + ~17.2% to-
tal precision. The analysis assumes the M(Th)/M(U) mass
ratio of the chondritic CI meteorites, the compatible re-
sults were found leaving free the contributions from 238U
and 232Th in the fit. The antineutrino background from
the world nuclear reactors was unconstrained in the fit
procedure and was found to be compatible with the ex-
pectations. After the robust confirmation of the non-zero

geoneutrino signal, the interest of physicists is concentrat-

* 1 TNU (Terrestrial Neutrino Unit) corresponds to one
event per 1032 target protons per year (that is how many protons
are in one kiloton of typical organic oscillator).
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YEHHOM NP U3ydeHuH MeTeoputo Tuna Cl, mpu sTom
pe3y/IbTaThl aHAIN3a JAAHHBIX CO CBOOOIHBIMU BKJIaIaMU
2381 1 232Th cOBMECTHMBI C HOJIYYEHHBIMM B OCHOBHOM
aHanu3e. BKaj aHTMHEHTPUHO OT SJEPHBIX PEAKTOPOB
HUKAaK He OTrPAaHMYMBAJICA TP TOATOHKE NaHHbIX, pe-
3y/bTaThl TIOATOHKH COBMANAIOT ¢ OkuaaeMbiMu. Ilocie
TOJTyd€eHHs CTATUCTHYECKH HAJEKHOIO YKa3aHHs Ha Cy-
IIECTBOBAHME TEOHEHTPUHO yCHIUS (QU3MKOB CKOHIIEH-
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TPUPOBAaHbI HAa BBIJEICHNH BKJIaJa OT MAHTHU B MOJHBIN
TEOHEUTPUHHBIN MOTOK. [T0TOK T€OHEUTPUHO U3 MAHTUH,
B OTAMYME OT JOCTYITHOHM ISl MPSMBIX U3MEPEHUH KOPBI,
MIPEe/ICKa3bIBACTCsl TeO()U3NUECKUMU MOJICIISIMU M KPUTH-
YEeCKH 3aBUCHUT OT Mozenu (puc.?2). ['unoresa orcyTcTBUS
TEOHEHTPUHHOIO CUTHANa OT MAaHTUU UCKIIOYAeTCs JaH-
HeIMH «Borexino» Ha y.a. 99%. M3mepenHslii or maH-

+1]
TUM CUTHAJ COCTaBJSET Zlﬂig’g (crar.) _y +1,1(cucr)

Puc. 2. Pa30uBKa MOJTHOTO M3MEPEHHOTO MOTOKA TEIlIa HA 3€MHOM MMOBEPXHOCTH, cocTapisroniero 47 + 2 TBT (ropu3oHTaIbHEIE Yep-
HBIe JTMHWUN), HAa TPH TIIABHBIX BKJIAJA JUIS Psi/ia MOZAENEH «KpEeMHHEBOI» 3eMin: BEeKOBOE OXJIaXKIeHNE (CHHMIT) M PaANOTeHHBIN BKIIA]
oT IUTOC(epsl (KOPUIHEBBI) U MAHTUH (OpaHkeBbIl). Brinan ot murocdepst 8,1 ftz TBT ouleHuBaeTcs Ha OCHOBE HEMOCPEICTBEHHBIX
M3MEpEeHHH U He 3aBUCHUT OT MOJIeNH. ParoreHHbIH BKIIA OT MAHTHH 3aBHCUT OT KOJIMYECTBA PaJHOAKTHBHBIX H30TOIOB, MIPEICKA3bI-
BaeMOT0 COOTBETCTBYIOIIEH MOEINbI0. J[ist «Borexinoy oleHKa MOJIHOTO TEIIOBOTO TIOTOKA COCTABIISIET 30,0f}§§ TBr. Pa3uuua mexnay
TIOJTHBIM TTOTOKOM TEIIJIa ¥ COOTBETCTBYIOIINM PaJHOTCHHBIM ITOTOKOM MPECTaBIIseT COO0H BKIIa BEKOBOTO TEIUIOBOTO ITOTOKA, MM

CKOPOCTDb OXJIAXKJACHUS 3emin B COBPEMECHHYIO 310Xy

. mmm U ThK) e LU+ ThK)

(o))
(=]

H,TW

J L&K T

A M&S W P&OT&S BX

Fig.2. Decomposition of the measured Earth’s total surface heat flux of (47 +2) TW (represented by horizontal black lines) into
three major contributions for some of the bulk silicate Earth (BSE) models: secular cooling (blue) and radiogenic contribution from
lithosphere (brown) and mantle (orange). The lithospheric contribution is the same for all bars, as it is the part of the Earth directly

accessible for the measurements. The mantle radiogenic heat depends upon the amount of the heat producing elements predicted by BSE

+13.5

model. For the Borexino the value of 30.0_55 TW is inferred from the extracted mantle signal. The difference between the total heat
and the respective total radiogenic heat is left for the heat from secular cooling of the Earth

ed on separating the crust and mantle contribution. The
mantle contribution, in contrast to the accessible crust, is
predicted theoretically, and significantly varies for differ-
ent Earth models (see Fig.2 for the comparison of models
with the Borexino measurement). The null-hypothesis of
observing a geoneutrino signal from the mantle is excluded
ata 99.0% C.L. by the Borexino data. The measured man-

tle signal of 212f3:g (stat.) t(l)lg (syst.) TNU corresponds to

the production of radiogenic heat of 24.62(]):1‘ TW from
U and Th in the mantle. Large uncertainties of the mea-
surement are associated with the subtraction of two close
uncertain values, the Borexino measurement itself and the
estimate of the crust contribution. Assuming 18% contri-

bution of K in the mantle and using an estimate of the to-
tal radiogenic heat of the lithosphere of 8.1:1:2 TW, the
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Borexino estimate of the total radiogenic heat of the Earth

is 38.23;? TW, which corresponds to the convective

Urey ratio of 0.78f8§§ . These values are well compatible

with different geological predictions, manifesting just
a ~2.40 tension compared to the prediction of the Earth
models with the lowest concentration of heat-producing
elements in the mantle. In addition, the existence of a
hypothetical georeactor at the center of the Earth having
power greater than 2.4 TW is excluded at 95% C.L. The
procedure of georeactor power extraction consisted in a fit
of the experimental antineutrino spectrum with an addition
of the spectrum from the georeactor with and additional
constraint on the number of expected reactor antineutrino
events. Particular attention was given to the description of
all analysis details which should be of interest for the next
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TNU u coorBetrcTByeT pamuorenHomy temry ot U u Th

+11]
B MaHTHUH 24,6_10’4 TBrt. bonbiias HeonmpeaeneHHOCTh

B M3MEPEHHH CBsI3aHA CO CTAaTUCTUUECKUM pa3/ielieHHEM
ABYX 6J'II/I3KI/IX BCJIMYMH, @ UMCHHO IIOJIHOI'O FeOHeﬁTpHH-
HOTO ToToKa B «Borexino» M OIEHKH BKJIaJa OT KOPBI.
B MPEANOI0KEHNHN, YTO BKJIAJ KaJilud B TEIUIO MAaHTHUU
coctaBisieT 18%, M ¢ y4eToM OIEHKH IOJIHOTO DPajHo-

+1,9
rennoro Temna ayts autocdepsr 8,1, TBT n3mepenne

«Borexino» COOTBCTCTBYCT IIOJIHOMY PAAMOICHHOMY I10-

+13,6
ToKy Temna ot 3emnn 38,2 5, TBT, uto coorseTcTBYET

+0,41
KOHBEKTHBHOMY oTHowennio [Opu 0,78 ¢ . [Jlanubie

3HAYCHHUST XOPOIIIO COBMECTHMBI C PA3IHYHBIMU Ie0du3u-
YECKHMHU MOJICISIMU, IEMOHCTPUPYS TOJIBKO CTATUCTHYE-
ckH citaboe (~2,46) OTKIIOHEHHE JUTI MOJIeIel ¢ HauboIee
HU3KUMH KOHIIEHTPALUSIMUA PAJUOAKTHBHBIX DJIECMEHTOB
B MaHTHU. [IOTIOTHHUTEIBEHO, CYIIECTBOBAHUE TUIIOTCTHYC-
CKOTO TEOPEaKTOpa B MEHTPE 3eMITH C MOITHOCTHIO BBIIIE
2,4 TBT uckirouaercs naHHbIME «Borexino» Ha y. 1. 95 %.
[pormecc moncka curHaga OT TEOPEaKTOPa 3aKIFUYaNICs B
MTOJITOHKE DKCIIEPHUMEHTAIBHBIX JTaHHBIX C JOMOJHHUTEb-
HBIM BKJIQJIOM OT T€OPEaKTOpa, HO MPH BKIAJE OT MHPO-
BBIX SIZICPHBIX PEAKTOPOB, OTPAHUICHHOM TEOPETHUCCKUM
npejcka3aHueM. B maHHO# craThe 0c000e BHUMAaHUE yiIe-
JICHO JIeTaJIsIM aHAJIKM3a TAHHBIX, PEICTABISIONIIM HHTE-

generation geoneutrino measurements using liquid scintil-
lator detectors.

In 2020, the collaboration is planning to release the
results of the measurement of the neutrino flux from the
CNO cycle in the Sun. This measurement is of primary
interest in modern solar physics because of the so-called
solar metallicity problem (or the problem of solar chemi-
cal composition) which can be solved only by measuring
the flux of the CNO-neutrino. In view of the measurement,
a serious upgrade of the detector was performed in 2015
with a purpose of stopping the transfer of the residual 219Bi
into the central core of the detector due to the convection
movement, allowing the separation of the fraction of 219Bi
rate in secular equilibrium with 2!9Po. The measurement
of the 219Bi rate is an essential part of the CNO-neutrino
analysis, as the spectral shape of 219Bi is very similar to
that expected from the CNO-neutrino.

The Dubna group is essentially involved in the com-
bined analysis of the first and second phases of the exper-
iment aiming at the improvement of the accuracy of the
measurement of the most intense neutrino fluxes from the
proton—proton chain in the Sun (pp and "Be).
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pec AJsl CHEeAYIOIEro MOKOJICHHUS IKCIIEPUMEHTOB C KU1~
KHUM CIUHTHIUIATOPOM.

B 2020 r. xomrabopanus HaMepeHa OITyOIMKOBAaThH
pe3yibTaThl MOMCKA HEWTPUHO OT YIIEPOAHO-a30THOTO
nukiia Ha Consile. J[aHHOE M3MeEpeHHe MPEACTaBISIET 0CO-
ObIif MHTEpEC JUTS CONHEYHOH (DU3UKHU B CBSI3U C TaK Ha-
3bIBAEMOM MPOOIEMOIl CONHEYHON METATMYHOCTH (UK
XUMHUYECKOTo cocTaBa COJHIA), KOTOPAs MOXET OBITH pe-
1IeHa MTOCJIe U3MEPEHUS MOTOKa HEUTpUHO U3 nukia CNO.
B cBsI31 ¢ TaHHBIM H3MEPEHUEM B KOHCTPYKIIHUIO IETEKTO-
pa B 2015 1. ObITH BHECEHBI CePhEe3HBIC N3MEHECHHUS C TIe-
JIbIO OTPAHUYEHHSI KOHBEKTHBHOTO MIEPEHOCA OCTATOYHOTO
210Bj B neHTpasbHBIA 00bEM AeTeKTopa sl BbIACIECHHUS
cuera coObiTuil pacnana 219Bi, Haxoxsimxcs B BEKOBOM
paBHoBecuu ¢ pouepHum 210Po. MsmepeHue ckopocTu
cuera 210Bi sBseTcs CyleCTBEHHOI YacThIO aHAIM3A [O-
Toka HeiTpuHo u3 mukia CNO, Tak Kak cekTp OeTa-pac-
naza 219Bi oueHb MOXOkK Ha CHEKTp HIEKTPOHOB OTIAyH,
oxunaembiit oT HeiiTpuHO CNO-1nKIa.

B Hacrosiiee Bpemsi AyOHEHCKasl TpyIIa y4acTBY-
€T B KOMOMHUPOBAHHOM aHAJIN3€ JAHHBIX, MOIYyYSHHBIX
B TIEPBOH M BTOPOH (pazax skcmepumenTta. OCHOBHOU IIe-
JbI0 JaHHOTO aHANN3a SIBISIETCS YIydIlleHHe TOYHOCTH
MU3MepeHus: Hanbosiee HHTEHCUBHBIX TTOTOKOB COJTHEYHBIX
HEHTPHHO U3 TIPOTOH-NPOTOHHOM 1enouky (PP 1 'Be).
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