[ToazemHaa pu3nka

JleoHna be3pyKos

NAWN PAH, MockBa

Zoom KoHdepeHuusa 50-net AN PAH, 3 — 4 nekabpa 2020



MoasemHas pu3mnkKa aTo — nccaenoBaHue peaKmx cobbiTui

1. Tannunn-repmanuesbint Teneckon NAU PAH (B. laBpwuH, I 3auenuH,
B.Ky3bMmuH u gp.)

20 + 30 atomos Ge B mecau, B 50T1 ToHHax Ga - ¢u3nka ConHuUa U CBOUCTBA
HEUTPUHO.

2. GERDA (c yyuactmem UAN PAH, A. NMomaHcknn, U. bapabaHos, /1.
bBe3pyKkoB u ap.)

[1BOMHOM Bbe3HeNTPUHHbIM BeTa pacnag aToma repmaHma - GU3mMKa Ha
Ma/1blIX PaCCTOAHUAX.

Pesynbtat: ®oH —5.2:10 "* cobbiTnin/ (kr-roa-ksB), T, > 1.8 -10°° ner,
Mgg < 79 =180 meV



Underground physics laboratories (m of water equiv. shielding)

ANDES (<> 4800)

«  ARF (N 2800)
BHO Mﬂ% «  Baksan (<> 4800)
«  Boulby ( 2800)
A.MomaHcKkun, E.AneKcees, « CallioLab (T 4000)
B.Ky3bmuHoB, B.MeTKoB v e (G0 2500)
«  CIPL (¢ 6720)
INO (<> 4000)

Kamioka (¢ 2700)

Kimballton aka KURF (¢> 1450)
LNGS (<> 3400)

LSBB (<> 1500)

LSM/Fréjus (<> 4800)

Oto (<> 1400)
B o «  SNOLAB ({ 6000)

ApTtémosckumn punmnan NAN PAH Soledar (3 570)
O.PsyKCKas . Soudan ($ 2100)

Stawell aka SUPL (v 2900)
SURE (T 4300)

wiPp (T 1600)

Yangyang aka Y2L (¢> 2100)



https://en.wikipedia.org/wiki/Metre_water_equivalent
https://en.wikipedia.org/wiki/Agua_Negra_Pass
https://en.wikipedia.org/w/index.php?title=Astroparticle_Research_Facility&action=edit&redlink=1
https://en.wikipedia.org/wiki/Baksan_Neutrino_Observatory
https://en.wikipedia.org/wiki/Boulby_Mine
https://en.wikipedia.org/wiki/Calliolab
https://en.wikipedia.org/wiki/Canfranc_Underground_Laboratory
https://en.wikipedia.org/wiki/China_Jinping_Underground_Laboratory
https://en.wikipedia.org/wiki/India-based_Neutrino_Observatory
https://en.wikipedia.org/wiki/Kamioka_Observatory
https://en.wikipedia.org/wiki/Kimballton,_Virginia
https://en.wikipedia.org/wiki/Laboratori_Nazionali_del_Gran_Sasso
https://en.wikipedia.org/w/index.php?title=Laboratoire_Souterrain_%C3%A0_Bas_Bruit&action=edit&redlink=1
https://en.wikipedia.org/wiki/Modane_Underground_Laboratory
https://en.wikipedia.org/w/index.php?title=Oto_Cosmo_Observatory&action=edit&redlink=1
https://en.wikipedia.org/wiki/SNOLAB
https://en.wikipedia.org/wiki/Soledar_Salt_Mine
https://en.wikipedia.org/wiki/Soudan_Underground_Mine_State_Park
https://en.wikipedia.org/wiki/Stawell_Underground_Physics_Laboratory
https://en.wikipedia.org/wiki/Sanford_Underground_Research_Facility
https://en.wikipedia.org/wiki/Waste_Isolation_Pilot_Plant
https://en.wikipedia.org/wiki/Korea_Invisible_Mass_Search

ConepaHne AOKNaA3

* CoNlHeYHble HEUTPUHO (B.faBpwuH, 3auenuH, B.Ky3bmuH,
C.Muxees, A.CmnpHoB 1 ap.)

* [eo-HeuTpmnHo (/1.be3pyKkos, B.CuHéB 1 ap.)
* HeMTpUHO OT BCNbIWKM cBepxHoBoM 3Be3abl  (O. PsxcKaa u ap.)

* 3aK/Il04YNTE/IbHbIE 3aMeYvYaHUA



ColHeYHble HEUTPUHO

e B.lMNaynun (90 net Ha3aA4) npu MHTepNpeTaLumn pe3y1bTaToB
3KCNepUMeEHTOB No beTa-pacnaay Aaep v 4acTul, NPeaNoXKu, YTo
NOMKHA CyLlecTBOBaTb HOBAsA OYEHb €1abo B3aMMOAENCTBYIOLLaA
4acTuua — HEUTPUHO.

e OH BbIPa3n/l COMHEHME B BO3MOXHOCTU OOHAPYKUTb TaKyo YacTULLY.

* Pacnag HeMTpoHa: n—>p+e + V,

* OCHOBHaA peakuma cnHTe3a B ConHue: p+p > 2H+e' +v,



The theoretical solar neutrino spectrum (SSM)

Flux (cm~2 s-1)
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Cl — Ar experiment, R.Devis Jr., Nobel pr. 2002

37 37A ¥ -
Homestake CI + Ve 9 Ar* +e Homestake

HOMESTAKE— . Solar Ccl Radioche : 1967-
CHLORINE chlorine v CC (6151) | mical 814 keV | Mine, South 1998

experiment | € Ar* S 37C| + e++ve Dakota

[’Be+CNO+pep+3B|Cl] = 2,56+(1 + 0,088) SNU
Predicted counting rate: 7 + 8 SNU

SNU = 1073® captures per target atom per second.


https://en.wikipedia.org/wiki/Homestake_Experiment
https://en.wikipedia.org/wiki/Perchloroethylene
https://en.wikipedia.org/wiki/Metric_ton
https://en.wikipedia.org/wiki/Radiochemistry
https://en.wikipedia.org/wiki/Homestake_Mine_(South_Dakota)
https://en.wikipedia.org/wiki/South_Dakota

Ga-Ge exp.: SAGE, Callex + GNO

Soviet— Solar Ga 233.9 Baksan

American Vo t Ga - "tGe +e™ | cc — .\ | Radiochemical "~ River valley, 1989-
. \Y; (metallic) keV :

Gallium € Russia

Experiment

[pp+’Be+CNO+pep+8B|Ga] = 66,1+(1 + 0,047) SNU.

Predicted counting rate: 120 + 130 SNU

SNU = 1073 captures per target atom per second.


https://en.wikipedia.org/wiki/Gallium
https://en.wikipedia.org/wiki/Radiochemistry
https://en.wikipedia.org/wiki/Baksan_River

Japan, M.Koshiba, Nobel pr. 2002,
T.Kojita, Nobel pr. 2015

Kamioka Nucleon 7.5

. S - - Water Kamioka, | 1986—
g V+e V+e P —
Kamiokande Decay ATM |y = B (Ro0) POV viev Japan 1995
Experiment e

The flux of 8B solar neutrinos measured by Super-Kamiokande in their 1496-day dataset was:
(2.35 # 0.02(stat.) + 0.08(syst.)) x10® cm™2 - s71

Predicted flux: (5-6)-10°cm™ - s™1,


https://en.wikipedia.org/wiki/Kamiokande
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Cherenkov_detector
https://en.wikipedia.org/wiki/Kamioka,_Gifu

[Tpobnema aedpuumTa CONMHEYHbIX HEUTPUHO

* OBbHAPYHKEHO, YTO PETUCTPUPYEMbIN MOTOK COMTHEYHbIX HEUTPUHO

3HAYUTE/IbHO HUKe npeacKka3biBaemoro CtTaHaapTHOM MOAENbIO
ConHua (SSM).

* CbopmynmpoBaHa npobnema gedumumnta CONHEYHbIX HEUTPUHO MO
cpaBHeHuto co CtaHpgapTHOM moaenbto ConHua (SSM).



Canada, A.McDonald, Nobel pr. 2015

Vo + 2D > 2p +e-

Sudbury V 2D N CC |Heavy Creighton | 1999
SNO Neutrino ’ ¢ v, + v.+n+p NC |water (1kt |Cherenkov [~ . | Mine, —~
— | observatory | "TM | Vi " " ES | D,0) MeV' | ontario | 2006
VvV
R e A -
Predicted flux: @g;=(5.69 £ 0.91) 10°cm=2-s™1.
Salt CC flux v,, 10°cm™ - 571 1.68 +0.06-0.06(stat.)+0.08-0.09(syst.)
Salt NC flux v,, 10°cm™2 - 571 4.94 +0.21-0.21(stat.)+0.38-0.34(syst.)

3He counter CC flux v,, 106 cm™2 - s71 1.67 +0.05-0.04(stat.)+0.07-0.08(syst.)
3He counter NC flux v,, 106 cm™2 - s71 5.54 +0.33-0.31(stat.)+0.36-0.34(syst.)


https://en.wikipedia.org/wiki/Sudbury_Neutrino_Observatory
https://en.wikipedia.org/wiki/Heavy_water
https://en.wikipedia.org/wiki/Metric_ton
https://en.wikipedia.org/wiki/Cherenkov_detector
https://en.wikipedia.org/wiki/Creighton_Mine
https://en.wikipedia.org/wiki/Ontario

Borexino Detector

External water tank —— tainless Steel Sphere 100 t fiducial volume.

Nylon Outer Vessel
Ropes Nylon Inner Vessel Total target mass 300 t.

Fiducial volume

Internal
PMTs —— 5 e
7 N
uffer / \
! \

Steel plates '\ Scintillator |
for extra . :
shielding Sie - Muon

G PMTs

W
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Multivariate results energy spectra. The sum of the individual
components (black lines) is superimposed on the data (grey points).
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OcUMANALUMM CONHEYHbIX HEMTPUHO

* [lpobnema gedPpumunTa CONHEYHDbIX HEUTPUHO BblNa pelieHa MoAEeNbto
OCUMNNALUNN CONHEYHbIX HEUTPUHO.

e 119 NOHUMaHUA BEANYUHbBI NOTOKA B HEMTPUHO BaXKHYIO PO/Ib
CbIFPano OTKPbITUE PE30HAHCHbIX OCUUANALUKA HEUTPUHO NPU
B3ammogenctemm ¢ sewectsom ConHua (C. Muxees, A. CMMpHOB)



Solar v, survival probability as a function of neutrino energy including all solar (with
Borexino) experimental results. The grey band is the prediction of the Vacuum-LMA
solution. The pink band is the prediction of MSW-LMA model.
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HoBOCTb

* The Borexino Collaboration., Agostini, M., Altenmuller, K. et al.

Experimental evidence of neutrinos produced in the CNO fusion cycle
in the Sun.

Nature 587, 577-582.
Published 25 November 2020.

https://doi.org/10.1038/s41586-020-2934-0



https://doi.org/10.1038/s41586-020-2934-0

Agostini M., Altenmdller K., Appel S. et al. First Direct Experimental
Evidence of CNO neutrinos. arXiv: 2006.15115 [hep-ex]. 2020.
Puc. ind. sHepreTM4ecKMm cnekTp ogMHOUYHbIX cObbITUM B Borexino.
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https://arxiv.org/search/?searchtype=author&query=Altenm%C3%BCller,+K
https://arxiv.org/search/?searchtype=author&query=Appel,+S

Borexino
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O603Ha4YeHus

OnddepeHunanbHaa CKOPOCTb CHETA

NHTerpanbHaa CKOPOCTb CHETA .
R = f R'(E)dE
0

NHTepBabHaA CKOPOCTb CYETA

Emax
R(Emin + Emax) = J R'(E)dE
Emin
dddeKTnBHAA IHEPrus N
_ [ E - R'(E)dE
eff — Emax _,
fEmin R (E)dE



Borexino. Pe3ynbTaT namepeHuna CNO-v
e Oxkmaaemasn ckopoctb c4éta CNO-v (SSM-HM, MSW-LMA)

Reyo = 492 £ 0.78 cpd/100 tons (68%CL)

* Counting Analysis (CA) result (Used energy range: AE;4 =0.74 + 0.85 MeV.  E,fr = 0.8 MeV)

Ry (0.74+0.85MeV) + acy
Reno (0.74+0.85MeV)

RCA i O-(RCA) = . RCNO = 5.6 i 1.6 de/lOOt

* Multivariable Fit (MF) result (Used energy range: AEyr =0.32+2.64 MeV.  E,¢f = 0.56 MeV)

Ry (0.32 + 2.64MeV) + oyp
Rono (032 = 2.64MeV)

RMF i O-(RMF) — . RCNO — 72 — 17 + 30 de/lOO t



Co/iIHeYHble HENTPUHO. BbiBoAbI.

* [lonHaA cNeKTpPoCKoNMA CONHEYHbIX HEMTPUHO 3aBepLLEeHa.

* [locTpoeHa 1 noaTBepPXKAeHa MOAENb OCUMNNALMUN CONTHEYHbIX
HEUTPUHO.

 [loaTBEepKAeHa cTaHAApPTHAA modenb conHua (SSM-HZ).
* Bo3Hunkna npobnema n3bbitka CNO-v noaobHbIX COObITUM.



CBA3b MOTOKOB re0-aHTUHENTPUHO C
BHYTPEHHMM TEMNIOM 3EMN.

o 2381 2351, 32Th, *°K decays in the Earth body are the source
of heat and geoneutrinos.

238 > 206ph + 8 + 6e + 6V. + 51,7 MeV (47,7)
232Th—> 298pp + 6oL + 4e + 4V + 42,7 MeV(40,4)
OK>%Ca + e + Ve + 1.31 MeV (0.598) prob.0,893

>4%Ar +Y +v,+ 1.51 MeV (1.46) prob.0,1066
HE mopenb: H, + Hy, =40 TW, 1.5% - H, =265 TW.
BSE mogenb: Hy + Hy, = 20 TW, H, = 4 TW.

B reo-HayKy BHeApEH pe3yabTaT ycpeaHeHnA n3amepeHnA NOTOKa
BHyTpeHHero tenna 3emnaun: 472 TW.

Zoom seminar INR-50
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Geo-antineutrinos energy spectra
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Events / 233 p.e. / 907 ton x year
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M. Agostini et al. Phys. Rev. D 92, 031101
(2015).
M. Agostini et al. Comprehensive

geoneutrino analysis with Borexino.
PHYSICAL REVIEW D 101, 012009 (2020)

Tmeas = 2056 days (5.6 years)

Np = (0.977+0.05)x103! protons on target
Exposure (5.5+0.3) x103! proton years
23.7 76561008 1 06 8€0-NU events

43.5 TNU (Terestial Neutrino Unit)

TNU corresponds to 1 geoneutrino event recorded over a year-long fully efficient exposure of
1032 free protons, which is approximately the number of free protons in a 1 kiloton liquid scintillation
detector.



KamLAND Detector

600 t fiducial volume.
Total target mass 1000 t.
R ~12 events/year

25



KamLAND
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A. Gando et al. Phys. Rev. D 88, 033001
(2013).

T ...=2991 days (8.2 years)

meas

N, = (5.98+0.13)x10% protons on target
Exposure (4.9+0.1) x103? proton years

116+*%8 . geo-nu events

23.67 TNU
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Heat production by Uranium and Thorium

(abundance: 2x10°% 8x10° %)
Isotope Decays Total mass in
abundance number Earth
in Natural | Q_eff, in1kg according
branch | mixture | MeV pers J/dec W per kg BSE, kg H, TW
238|J 0.993 47.7 | 1.23x107 | 7.64x1012 | 9.44x105 | 0.806x1017 | 7.608
235 0.007 44 | 5.68x105 | 7.05x1012 | 4.01x106 | 0.58x1015 | 0.002
232Th 1.0 40.4 4.06x10° | 6.47x1012 | 2.63x10>| 3.2x1071/ 8.5
Total heat 16.11




Heat production by Potassium
(abundance 0.02% weight)

40K Decays Total

abundance number Potassium

in Natural | Q_eff, in1kg mass in
branch | mixture | MeV pers J/dec W per kg | Earth, kg | H, TW
0.8914 |1.17x104| 0.595 | 2.76x104 | 9.53x1014| 2.63x10° | 1.194%x1022 3.1
0.1066 1.46 | 3.30x103 | 2.34x1013 | 7.73x10-10 0.9
0.002 0.0027 62 4.26x10-16 | 2.64x1014 0.0

Total heat 4.0




Bezrukov-Sinev Model
e M(U) =1.7x107 kg (2.8x10° %),
M(Th) = 6.7x10Y7 kg (1.12x10° %)

* In the Crust they distributed according BSE (Reference Model)

* In the Mantle and Core they were chosen in abundances not to break
observed counting rates (Borexino and KamLAND)

Experimental Calculated
counting rate, | counting rate,
TNU TNU
Borexino 43.5+12.5 38.1
KamLAND 23.67 £ 5.61 31.8




[lpeacTtaBieHne pe3ynsTatoB namepeHna notoka CNO-v,
MCNONb3YA NOHATUE SPPEKTUBHOMN SHEPTUM

¢ R,CA(O.S MeV) i O-(R,CA) — Recat o(Rea) R’CNO (08 MeV)

Reno

* R'1,7(0.56 MeV) + (R yr) = RMF}f;V(:MF) R'¢n0(0.56 MeV)




JHepPreTnyecKkMm CNeKkTp 3NEeKTPOHOB OTA34YM NPU PACCEAHNUN HENTPUHO
(MM QHTUHENTPUHO) Ha aneKTpoHax cumHTuanaTopa dR(E)/dE B AeTeKTOpe
Borexino. KpacHbim — coniHeuyHble CNO HENTPUHO, 3€1EHBIM U CUHUM —
CNO HeNTPUHO + 4°K reo-aHTUHENTPUHO. TOUYKM — pe3ynbTaT SIKCMEPUMEHTA.

dR
dE’

cpd/100t/MeV

101?

=
o
o

107!

—— Sum of CNO spectra

-—- + 40K antineutrno (1% K)
-+ 40K antineutrno (2% K)
& data

0.6 0.8 1.0 1.2 1.4

Energy, MeV

0.2 0.4

arXiv:2007.07371v2 [hep-
ex physics.ins-det]. 2020.
On first detection of solar
neutrinos from CNO cycle
with Borexino.

L. B. Bezrukov,

l. S. Karpikov,

A. S. Kurlovich,

A. K. Mezhokh,

S. V. Silaeva,

V. V. Siney,

V. P. Zavarzina



Pe3ynbTaT aHaM3a NOJIYY4EHHOWM CKOPOCTM CHETA
CNO nogo6bHbix cobbiTnn B AeTekTope BOREXINO

Hanbonee npasaonogobHON moaenblo ABAAETCA HaNNYME
AOMO/IHUTE/IbHbIX COObITUM K cObbITUAM OT B3anmoaenctama CNO
HenTpuHo (SSM HZ c yyuétom MSW-LMA addeKrTa).

NCTOYHUKOM 3TUX COBBLITUN MOTYT ABNATLCA F€0-aHTUHEUTPUHO OT

pacnaga “°K. Hanbonee BepoaTHOe cogepskaHme Kanmsa B 3emne
coctaBuno 1,5 + 1.0 % ot maccbl 3emnu.

TaKytlo KOHLUEHTpaUmMio Kannsa B 3emne npeacKkasbiBaeT Moaenb
«boraTtas Bogopoaom 3emaa». 3ameTMm, YTo B 0OLLENPUHATON Moaenu

3emnun (CunmnkatHaa 3emns, BSE) B Kope 3emnun coaepxuntca 1,5%
KanuAa OT MaccCbl KOpbl.

Zoom seminar INR-50



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 #°K with Large Liquid Scintillator Detector, Physics of
Particles and Nuclei.46 (2015) 186, d0i:10.1134/51063779615020173;

arXiv:1405.3140 [physics.ins-det].

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 4°K geo-antineutrino to single Borexino events. (2020)

arXiv:2004.02533v2 [hep-ex]


http://arxiv.org/find/astro-ph/1/au:+Bezrukov_L/0/1/0/all/0/1
http://arxiv.org/abs/1308.4163v2

[€e0-aHTUHENTPUHO. BbiBOAbI

1. [etektopbl Borexino and Kamland namepenun notoku
U and Th geo-V.

1. [daHHbie o notokax U and Th geo-V no3BonAt0T 06bACHUTb BEANYNHY

Ten/s0B0ro NoTtoka nu3 3emnu enaotb 4o H =50 TW n gonyckatoT
coageprkaHme U and Th He TonbKo B Kope 3emnun.

3. JetekTtop Borexino namepun notok CNO-v n 0bHapyKnn n3bbIToK
cobbITMIM NO CPaBHEHMUIO C NpeacKka3daHnem SSM.

4. [NaHHble o0 noToke CNO-v gonycKatloT coaepKaHne Kanuna s 3emne
1,5+ 1.0 % ot maccbl 3emnn.



HeMTPMHO OT BCMbIWKM CBEPXHOBOW 3BE3/bl.

* 3araaka CeepxHoBou 3Be34bl SN1987A.
Imshennik V.S., Ryazhskya O.G., Space Sci Rev, 74, 325-334 (1995)



CpaboTaBlMe AeTEKTOPSI

Detection efficiency Background
Depth of - B Detection pulse
Detector water ﬁ"]'f“rt.':{”%”_mlhfh L threshold, | o+ spectrum | e~ spectrum ]'n:quén-:‘-,f
equivalent, m atena MeV of reaction | ofreaction | . g1+
VP — €T | e — ve”
(19) (2la, 21c)®
1300 200) CnHay
BUST, USSR 8ol : 10 (.6 0.15(0.54) |0.013(0.033)
160 Fe
. a0 C.H
LS, e nililn , .
USSR—Italy 2200 o—7 (1.9 0.4 (0.7) (.01
200 Fe
K11, : _ Ry , .
Japan—USA 2700 2140 H20 —14 (0.7 017 (0.54) [0.022
IMB, USA 1570 5000 H20 20—-50 0.1 0.02(0.18) | 3.5 x 1076

* The detection efficiencies of the electron spectrum produced in the reactions vy - (Pp ) + €7 — vu (V) + & (21c) are given in
parentheses.



HeMTPUHHbIN CUTHAA OT BCMbILWKKM CBEPXHOBOM 3B8e34bl SN1987A

February 23, 1987

1 3 3 7 9

Optical observations

| My = | 2 my = 6™
Geograf ‘ 2:52:35.4
5 2:52:36.8 136200
LSD = _ 438 2 _ 19
2 2:52:34 17 T:35:35
EII 14 = 44 g 4'{
" T:35:41
IMBE = A7
BUST 2:52:34 7:36:06




Bpawatowmmca konnancap. YOH, 2006, 176, Ne10

e[lepBas ctagma Konnanca: lepopmayna npun BpalleHnUun , LeHTPaibHanA
YyacTb HanomuHaet 6auH, B ueHTpe T/Tcd~0.01, sHeprua HenTpmuHoO 25-55
M>3B B peakuuu

p+e” > n+v,. 3TV HENTPMUHO CBOBOAHO BbIXOAAT.

HeycTonumBoCcTb NPMBOAUT K Pa3pbiBY AAPa Ha 2 N 6bosiee HEUTPOHHbIE
3B€3/bl

e Bropasa ¢a3a Konnanca: lNepegaya sewecrsa OT ETKON K TaXKenon H3
NPOAO/IKAETCA HECKONbKO Yacos.

[Mpn macce 0.095Mc manaa 3se3aa B3pbiBaeTCA, MaCCMBHAA Konnancupyer
No MmoAe/in CTaHAAPTHOrO LLEeHTPaIbHO-CUMMETPUYHOIO KoJi1anca.



Comparison of the reduced total cross sections
with the neutrino cross section on a free neutron for the reaction

v, + (A, Z) > e+ (A,Z + 1) (EV.Bugaev et al. Nucl.Phys. A324. 350 (1979) ).
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CBepxHoBaa SN198/A. BbiBoAbl

* [NpegnoxKeHa UHTepNpeTaLuns HeEMTPUHHOIO curHana ot CBepxXHOBOWM
SN1987A.



[Tone nonoxntenbHoOro 3apsaaa B kope 3eman (/1.be3pyKos,

B.CHEB 1 ap.)

1. Co3paHa HOBaA moaeslb 3eMHOr0 3/1eKTpuyecTBa.
2. [lpeackasaHO M OTKPbLITO CyLWEeCTBOBAHME NO/A
NOJIOXUTENbHOro 3apAaa B Kope 3emnun.

3. lpepncKasaHo, 4yTo Borexino yBnanT nsbbiToK

cobbiTnn oT CNO-v no cpaBHEHMUIO C NpeacKa3aHneM
SSM HZ. Habntopaemasn ckopocTtb c4éTa CNO-v
corsiacyeTca € NnpeacTaBAEeHUEM, YTO 3eMIA COAEPHKUT

1.5+ 1.0% Kanna ot maccbl 3em/11 U C NpeACTaB/IEHUEM,

4yTo peannsyetca moaesb CoNHLA C BbICOKOM
MEeTa/IIMYHOCTbIO.

4. Hannume n3bbiTKka NONOKUTENIbHOTO 3apsaaa B

Kope 3eM/in CBAA3aHO € Hannymem ns3bbitka CNO-v
noao6HbIX cObbITMI, T.K. 06a NpeacKa3aHUA caenaHbl

ncxoda us ogHo moaenu 3emnmn — borataa Bogopoaom

3emns.
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[loporune Konneru
[Mo3apasnato Bac ¢ 50tn-netnem AW PAH.
Baw, /leoHna be3spyKos



