UccnepoBaHue CONMHEYHbIX HEUTPUHO C MOMOLLLIO AeTeKTopa
BOREXINO

A. C. YenypHoB
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PenvkToBble HENTPUHO - 3Heprua 104 notok 1013-10'4 cm-2*c”

| ConHeuHble HeNTpUHO - ~1k3B- ~10MaB notok 1010 cm2*c! |
Hepnpa 3emnu (cnabble pacnagbl sgep) - ~1k3B- ~10M3B notok 108 cm2*c"
PeakTopHble HEUTPUHO - ~1kaB- ~<9 MaB ( 1Bt — 10 m ) notok ~1013 cm-2*c"

Kocmunyeckne nyum - ~>100MaB notok 108 cm-2*c"



NHcTuTyT LNGS INFN — eBponencknn ueHTp HN3KOOHOBbLIX 9KCMNEPUMEHTOB
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HdeTtekTop Borexino - KpaTtkasa ucropus .

1990 — Ha4ano npoeKkTMpoBaHUS

1991 — Hauano HNOKP no ounctke >KOC go yposHst 10-16 r/r
( npobriema otcyTCcTBMA NpMbOpPOB ANna nsmepeHnn. PeweHne —
co3paHne CTF c wyBcTBUTENBLHOCTBLIO YPpoBHSA 10-16 1/ )

1995 — akcnepumeHTbl Ha CTF nokasanu
BO3MOXHOCTb AOCTUYb Tpebyemyto
YMCTOTY XXUOKOCTEWN

1996-1997 — npoekt BOREXINO 6b1n
ofobpeH 1 Havanocb huHaHCMpoBaHMe
co ctopoHbl INFN, NSF, Germany

1999-2000 — poccumrckme yyeHole
BCTYNuUnu B Konnadopauuto Borexino

Mawn 2007 — H. Bpemsa - cbop 1 obpaboTka Ppusndecknx OaHHbIX
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Y4yacTHuku konnabopauum bopekcuHo B Poccumn

PHL| KypuyaTtosckuin uHctntyt - CkopoxsatoB M. ( + ~ 15 coTpyaHMKOB )

MNAP - epbuH A. ( + ~ 5 COTpyaHUKOB)
onAn - CmnpHoB O. ( + ~ 3 COTpyAHMKOB)
HUNAD MY - HenypHos A., 'pomoB M. (acnupaHT dpmadpak MIY)

HUNAD MI'Y - yyacTHUK konabopaumm Borexino ¢ 2005 r. no HacTosiLee BpeMs.

PaboTa Begetcs B cooTBeTcTBMM ¢ CornawieHnem o cotpygHundectse mexay HAAAD MY
n LNGS INFN.



HNeTtekTop BOopekCUHO — MHOroueneBon HEUTPUHHLIU AETEKTOP B obnacTtu
PU3NKN HEUTPUHO HU3KKX IHeprum (> 150 kaB <30 MaB), paboTarowumn B
peanbHOM BpeMeHMU

PyHOaMeHTanbHbIE UCCNeaoBaHuUs.

N3yyeHune HelTpuHo oT CorHua, SAepHbIX PeakTopoB, YCKOPUTENS N APYIMX NPUPOAHbIX
N NCKYCCTBEHHbIX UCTOYHUKOB, B TOM YUCHIE:

- U3yYEHUE HENTPUHHBIX OCUMUNSIALUUNA, N3MEPEHME NapamMeTpoB CMeLBAHNA HENTPUHO,
N3yyYeHne ocuMINAaLnin HEMTPUHO B BELLIECTBE,

- U3yYeHue NPUpPoabl MacCoBbIX COCTOAAHWUIA HEUTPUHO B 3KCNIEpUMEHTaxX Mo MOUCKY
nBolHoro 6eta-pacnaga '36Xe, 190Nd.

- MOUCK MAarHUTHOrO MOMEHTa HEMTPUHO B SKCMEPUMEHTE C UCKYCCTBEHHbIM
pagnoakTUBHLIM UCTOYHMKOM °1Cr,

- npoBepka CTaHgapTHOM MOAENN, MOUCK PEAKNX NMPOLIECCOB, HAPYyLLAKLWNX
CTaHOapTHYO MoAenb,

- U3y4YeHue HenTpuHo oT CeepxHoBbIX, y4acTue B npoekte SNEWS (the Super Nova Early
Warning System), HanpaBrneHHOM Ha BKtoYeHne getektopa bopekcnHo B MMpPOBYIO CeTb

pernctpaumnnm CMrHasioB OT BCIbILLEK CBerHOBbIX 3Be3a. .



MexgmncumnianHapHble uccregoBaHuUs:

- onpeaeneHne paaMoreHHoOM CocTaBnsoLLEN TEMMOBOro NOToKka 3emMnu NyTem
perncTpaunumn aHTMHENTPUHO, U3NyYaeMblX AOYEPHUMM NPOoAYyKTaMmn pacnaga YpaHa
n Topusa; onpeaeneHue obLLEro cogepXxaHnsa aTux aNeMeHToB B 3emrie,

- NpoBEpPKa rMnoTe3sbl O NPOTEKAHNN B LEHTPE 3eMIN LIEMHON peaKkuumn aeneHns
mMoLyHocTbio 3 — 10 TBT,

- NI3BMEPEHNE C MOMOLLbI0 HEUTPUHHBIX AIETEKTOPOB B pearibHOM BpeMeH!
MHTEHCUBHOCTU U COOTHOLEHU pp- 1 CNO-UUKIOB TEpMOSIAEPHbIX NpoLieccax B
Hegpax ConHua, oueHKa NMOTHOCTM COJTHEYHOMO BELLIECTBA.



D,eTEKTOp EOPEKCMHO nero BrimssHne Ha pa3ButTne HOBbIX TEXHOJIOTUMN .

Pa3paboTka TEXHONOrMnN NOSTy4YEHNs N NPOM3BOACTBA CBEPXYUCTLIX MaTtepmnarnos
C yNbTpa HM3KMM ypoBHEM paaunoaktuBHocTh (10-18 r/r U n Th)

N3mepeHne 1 KOHTPOIb ManbiX YPOBHEW pagnoakTUBHOCTU, B TOM YMcCre
coAepXxaHuns pagoHa B BO3AyXe U XXUOKOCTSIX.

Pa3paboTka TeXHONMOMMM AETEKTUPOBAHUS HEMTPUHHOIO U3NyyYeHnsa ana 3agav
HepacnpoCTpPaHEHUSA U MOHUTOPUHIa OKpYXXatoLen cpeabl, pasButne MeToaoB
HENTPUHHOW TOMOrpadum.

Pa3paboTka aneKkTPOHHbLIX YCTPOMNCTB LmdppoBon 06paboTkm CUrHanoB c
nomMmoLbo cKopocTHbIX FlashADC

NHdopMaLMOHHBIE TEXHOMNOMNKU: ynpasBieHne CnoXHbIMW YCTPOUCTBaAMK B
peanbHOM BpeMeHu ¢ npumeHeHnem WEB-TexHonorum, 3anncek, XxpaHeHue u
obpaboTka 6onblMX 06 BbEMOB MHOPMaLMKN, pa3BUTUE METO0B PEKOHCTPYKLINN
cobbITUN.
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HdeTtekTtop bopekcuHo 3anyweH B Mae 2007 r.

» [1Ba HeNNOHOBbLIX 6annoHa 125 Mkm

- MuweHb d=8,5m V=340 m3
= PC (1,2,4-tpumeTtun6enson) +1,5r/n

PPO 1,5 r/n 2,5 aumetunokcazon) 200 ( ~2000) | ;

8” ®JY

BHyTpeHHuI 6ydep d=11,5m ETL9351

PC + DMP (3awmTta ot Rn)

Borexino Detector

Stainless steel sphere
Nylon outer vessel
Nylon inner vessel
Fiducial volume

External water tank —,

Ropes

BoasiHon 6ak MKOOHHOTC
BETO, YePEHKOBCKNM
AeTekTop, 208 ®JY
d=18m h=16,9m
V=2400m3

Internal
PMTs

CranbHas ccepa
d=13,7m V=1350 m3 Steel plates

for extra
shielding Muon

PC + DMP




ConHeYHble HEUTPUHO 3NIEKTPOHHOIO TUNa, pp — chain
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* pp and pep reactions: 0.42 MeV (max), MeV or 0.384 MeV if Li is excited (10%))
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* pplbranch - reaction; 7Be-producing reaction ~ ©  PPIII branch - rare (1/5000) but leads to °B neutrinos



ConHeuYHble HEMTPUHO INEKTPOHHOro TUNa

I5N +p— 12C + 4He

99.95%

530 5 N+ et +y, =
| 0.05%
&

N + p— 160 + v

160+P_"’1?F+Y .................... -

CNO- chain

» BN S 3C+ e+ Ve

13C+P_',14N+.},
HN.}.p.; ]50+Y

"0+p— ¥N+4He

7F — 170 + ¢* +ve

BN—B3Ct+et+v, E =1.2 MeV
5Q—-1N+e+v, E =1.7 MeV
VF—-170+et+v, E0=1.7 MeV
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Be 10% -~5*10° cm?2ct!

"Be (+7%)

(<1% 8B -6*10%cm2c’)

— pep (1.2%)

o (£14%)

;
Neutrino energy (MeV)

[MOTOK HENTPUHO (BepTUKanbHbIM MacliTab) npusoautcs B cm2? ¢! MaB-! ans MCTOYHMKOB C HENPEPbLIBHBIM
CNEeKTpoM U B cM2 ¢! AN MOHO3HEPreTUYECKNX MCTOYHUKOB. NprBeaeHHbIE HEONPEOENEHHOCTH
cooTtBeTCcTBYIOT CCM [Serenelli, A. M., Haxton, W. C. & Pen™ a-Garay, C. Solar models with accretion - I.
Application to the solar abundance problem. Astrophys. J. 743, 24 (2011)] 14



UcTtopua HabnroaeHus HeMTpuHO oT ConHua B peanbHOM BPEeMEHMU.

Kamiokande — ( 7 MaB nopor) -> SuperKamiokande ( 5 MaB nopor) 50 000 1
60nbLIOV BOAHBIN ASTEKTOP, PETUCTPUPYIOWNA ), o s 1) ¢

T.e. TONbKO «BOPHbIE» HEUTPUHO MOTYT BbITb 3apPErMCTPUPOBAaHbI U
CeueHne peakuumn V.e — V.e B 6 pa3 bonblue, Yem Vy € — Vy o€

PesynbTaTbl, onybnnkoBaHHblie B 1998 cTtanu ewe ogHUM NOATBEPXKOAEHNEM
Hannumsa adppekTa gedumunta CoNHEYHbIX HENTPUHO.

SNO - 1000 T D20 cBepxyncTOon TSXKENOW BOAbIl, OKPY>XEHHbIN 0O6bIMHOW BO4OW
ans nogaeneHust goHa ¢ noporom 4 MaB

ved — ppe (CC), b, = (1.'.'-’{i",]:,:Ei_f-jl{n:rm.]':",'j':rzml[cln:T.}) A0% em %0t
ved — pnv, (NC), |
_ (o qq4045, 04T o\ gng 2 ]
v.e — v.e (ES). Pur = (3.11 5 1- (CTaT.) ,].ﬁ{um.}) 107 em™=-c™.
2001 rog.
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OXXnpgaemblin CNekTp permcTpauum ynpyroro paccesaHns HEMTPUHO Ha 3MNEKTPOHaX.

TABLE L

E, is the n
Eq. (2). The
spectra, an

Solar v

PP

Be
'Be
pep
I3N
ISO
l?F
5B

Ve +e — Ve iz + e

o ~ 1045 cm?2
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0 0.2 04 06 08 1.0 1.2 14 16 1.8

Neutrino energy [MeV]

2.0

The total cross sections - and . _ for solar nentrinons. weiohted for the snectral shane 1n case of continuous energy spectra.

scattered e~ according to
case of continuous energy

Pee

0.542 = 0.016
0.537 = 0.015
0.524 =0.014
0.514 =0.012
0.528 +=0.014
0.517 £0.013
0.517=0.019
0.384 = 0.009
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OXXnpgaemblin CNekTp permcTpauum ynpyroro paccesaHns HEMTPUHO Ha 3MNEKTPOHaX.

Ve + e — Ve iz + e o ~ 1045 cm?

TABLE II.  The solar neutrino fluxes @, calculated with the high-metallicity standard solar model (GS98) [2], the ones obtained with
the low-metallicity model (AGSS09) [19], and the corresponding expected v-interaction rates R, in Borexino. The fluxes are given in
units of 101%(pp), 10° ("Be), 108 (pep, BN, 130), and 10° (B, "F). The CNO flux is the sum of the 1*N, 1’0, and !’F fluxes. The rate
calculations are based on Eq. (3). The last column lists some of the relevant background components in the energy region of interest of a
given v species; see Sec. XIC for a discussion about them.

®,(GS98) high o, (AGSS09) low R,(GS98) high R,(AGSS09)low

metallicity metallicity metallicity metallicity Main
Solar-v [em2s7!] [em2s 1] [cpd/ 100 ton] [cpd/ 100 ton] background
pp 5.98 (1 =0.006) 6.03 (1 =0.006) 130.8 =2.4 131.9£24 e
"Be” (384 keV) 0.53 (1 =0.07) 0.48 (1 =0.07) 1.90 = 0.14 1.73 = 0.12 85Kr, 219Bi
"Be” (862 keV) 4.47 (1 £0.07) 4.08 (1 £0.07) 46.48 £ 3.35 4239 £3.05 8Kr, 219Bi
pep 1.44 (1 £0.012) 1.47 (1 £0.012) 2.73 £ 0.05 2.79 £ 0.06 e, 210Bj
BN 2.96 (1 =0.14) 2.17 (1 =0.14) 242 £0.34 1.78 = 0.23
150 2.23 (1 =0.15) 1.56 (1 £0.15) 275 £0.42 1.92 = 0.29
F 5.52 (1 =0.17) 3.40 (1 =0.16) 0.068 =0.012 0.042 = 0.007
CNO 5.24 (1 =0.21) 3.76 (1 =0.21) 524 £0.54 3.74 £ 0.37 e, 210Bj
B 5.58 (1 =0.14) 4.59 (1 £0.14) 0.44 £ 0.07 0.37 £ 0.05 2081, ext y

“The production branching ratios of the 384 and 862 keV "Be-v lines are 0.1052 and 0.8948, respectively. The respective ratio of
interaction rates in Borexino is 3.9:96.1.
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OXXnpgaemblin CNekTp permcTpauum ynpyroro paccesaHns HEMTPUHO Ha 3MNEKTPOHaX.

Ve + e — Ve + e o ~ 1045 cm?

PP-v

synthetic  210p,
pile-up

CNO-v  85Kr

210B;

Events / (day x 100 tons x 1 keV)

100 200 300 400 500 600 700

Energy (keV) 18



«CneKkTp» perncrtpauunm ynpyroro paccesiHus HEMTPUHO Ha ANEKTPOHaxg ~ 10-45 cm2

U + e > + e~ 5*10-° Bk/kr ( Boaa 10 Bk/kr
¢.p.T ¢.H.T yenoBeyveckoe Teno 5000 Bk/kr)
10’ \

Total spactrum Ar = 0.4 cpd/100 tons

"

"Bl = 39.3 cpd/100 tons
C = 28 cpd/100 tons

———— "Be_cosmo = 0.349 cpd/100 tons
" € = 0.55 €pd/100 tons

“ec=405003mBgton =< ..\e==- C plleup = 95.6 cpd/100 tons

------ Ext_*"' Bl = 0.86 cpd/100 tons Th\ T “ K = 0.55 cpd/100 tons

------- Ext_"™ T = 3.35 cpd/100 tons K = 1 cpd/100 tons
— O KE =30 cpd/100 tons *Pb = 1.62 cpd/00 tons
*'po = 21.17 cpditon “Po = 1.62 cpd/100 tons
“*Rn = 1.62 cpd/100 tons Th_chain_alphas = 0.57 cpd/100 tons

ot
<

—
]
o,
o
—
"
w0 218 o
= : U_chain_alphas = 1.71 cpd/100 tons ( B)=0.46 cpdM 00 tons
o I — w.-["ﬂl-jul.:!.ﬂd cpd/100 tons B i xt’h:m=ﬂ.ﬁcpdﬂﬂﬂ tons
bt i s v[CNO) = 5.36 cpd 00 tons e v(pep) = 2.8 cpdM00 tons
o . s v(pp) = 133 cpd/100 tons
(=] 18 ™
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PoHoBbIe YCIIOBUA B AeTeKkTope bopekcnHo — TeKywmumn craTyc.

Name Source Typical Required Achieved
muon Cosmic 200 Hz/m? ~1010 <1010
Ext. gamma Rock negligible
Int. g PMTE{ISSSil:ﬁFateL ligible
uC Intrinsic ~10-12 ~10-18 ~10-18
2381J / 22Th Dust ~105-10%6g/g <1016 g/g “‘510'183/3
_ <10 scint ~5cpd /100t
K Dust, PPO 2-10-6 Bg/ton <1011 (estimate)
Surface Initial stable:
210;
il contamination | ~40cpd/100t 18 cpd/100t
Surface Initial stable:
2
°Po amination | ~105cpd /100t ~300 cpd/100t
: . ~10-100 Bq/L : -19
22Rn Air, emanation (air-water) <1count/day-100tons <10 g{ g
BAr Air (nitrogen) ~17 mBq/m3 | <lcount/day-100tons ?
e was ~8 cpd /100tons
8K Air (nitrogen) ~1Bq/m3 <lcount/day-100tons

very low lately
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CobbiTue B ageteKtope bopeKcuHo
YMCNIEHHO COAEPHKUT KONNYECTBO CBEeTa,
cobpaHHOro Kaxkapim n3 cpaboTtaBLIMX

®3Y n BpemeHem npmuxoga ceeta Ha PIY.

Tpurrep HaCTPOEH Ha TO, YTO AOJIKHbI
cpabotatb muHumym 25-30 d3Y, (T.e.
3aperncTpmpoBaTb xoTa bbl 0aWH
$OTO3/1EKTPOH BO BpeMeHHOM oKHe 99
HC) — 3TO 3KBMBAJIEHTHO BbIAENEHMIO
sHeprum 50-60 K3B.

BpemeHHOe OKHO Tpurrepa
nporpammupyeTcs u coctasnset ( ¢
nekabpa 2007 r.) 16,5 mkc, npu
MepPTBOM BpemeHu 2,5 MKC.

16
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) “NH“.H‘h 18 1 Y I

(
0 2000 4000 6000 8000 10000 12000 14000 16000 18000
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FIG. 7. An example of a single data acquisition gate (so-called

event) containing two well-separated clusters, which are due to
two different interactions inside the scintillator.
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MeToabl aHanusa B netekrope bopekcuHo

* PEKOHCTPYKUMA NPOCTPAHCTBEHHOIO MOJIOXKEHUA cobbITUA
» KannbpoBKa aHepreTnyeckas
* KaninbpoBOYHbIe KamMMaHUM

Ob6paboTKa HAaKOMJIEHHbIX €«COBOLITUNY:
*yAaNeHNE OAMHAPHbIX OAMHAPHbIX COObITUI, KOTOPbIE MOTYT ObITb
«MOMEYEeHbI» 3a CYET pacnafos C 3aJeprKaHHbIMU COBMAaAEHUAMMU, MIOOHbDI
cobbITMA cneaytowme 3a MIOOHAMU U T.M., BKAOYAA WYMbl 3IEKTPOHUKK U DY

*noaasneHne GoHa 3a cYeT NPOCTPAHCTBEHHOM PEKOHCTPYKLUMUN COBLITUI.

*rpynnNMPOBKa AaHHbIX MO KOJIMYECTBEHHbIM NapameTpam (3HepretTmyeckue
OUEeHKaMu, paananbHoe nonoxeHne cobbiTni, o0cobeHHOCTM NapameTpoB
dopmbl UMNynbca) , ux nocneayouiee GbUTUPOBAHUE B BUAE MOAENEMN
meTogamu MC n CTaTUCTUYECKOE Bbl4MTaHME N3 IKCMEPMMEHTAIbHbIX AAHHbIX

22



UcTtouyHunkn poHa B geTtekTtope bopekcuHo

* BHelHue (He OT CUMHTUANATOPA) M Ha NOBEPXHOCTU HEMIOHOBLIX cdhep
* BHYTPeHHMe ( OT CUMHTUANATOPA)

* KOCMOreHHble (HaBeAeHHas akTUBHOCTb OT MIOOHOB)

23



UcTtouyHunkn poHa B geTtekTtope bopekcuHo
TABLE V. Expected rate-

relevant for the pep and

20871, 214B§, and 4°K from
Geant-4 Monte Carlo code, ¢
nation of the PMTs [49]. The
from the SSS and light con
previous estimates [22], ass|
25 c¢m. The upper limit for
buffer fluid has been estima
contamination of 238U and *
greater than those in the sci

Source

208T] from PMTs
214Bi from PMTs
40K from PMTs
Light cones and SSS
Nylon vessels
End-cap regions
Buffer

(BHeLUHME)

Tt (]145 3I}DN (290 GDOch) -

(b) 300 - 375 Nw (650 - 850 keV)

= =
3 3
E _‘-’. ="
N -
X [m] 1F
E of
{c)425—650Nw(850—l300 X C
6 -1F
al- -2 E
2:— _3:
— 4 E
E o =
) : _S_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
a2k -5 4 -3 -2 -l 0 1 2 3 4 5
- p [m]
_4__
oo, FIG 17 (color online).  p-z projection of the IV as of May 3,

6 4 22 0 2
x [m]

2009 (black curve). The blue curve shows the shape of the 75 ton
FV used for the measurement of the 'Be-v interaction rate. The

) S red curve illustrates the profile of the FV used for the 'Be-v
FIG. 14 (color online). Spatial distribution

energy regions. The color axis represents the annual modulation analysis.

(a) 2'Po peak region: 145-300 Npu (200600 cee + 0 i) acm soernmmames crsr 1 se s arerns s o 5o s _
(850—1300 ke V). (d) 25T peak region: 900-1500 ?\Tpc (18003000 keV). Eventq ooccurring outside the IV (R = -1 25 m), near ﬂle top
end cap (z = 4.25 m), most clearly seen in the low-energy region shown in (a), are due to the small leak of scintillator from the IV to the
buffer region (Sec. I A).
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UcTtouyHunkn poHa B geTtekTtope bopekcuHo

(rmaBHble KOCMOreHHbIe U BHYTPEHHUE )

~ 10

> o 14 - 6

3 % C (3.46 x 109)

— 107 g

s - pp-v (133)

= 10g

= = %2100 (656)

= lE %’ "Be-v (46)

: 10! = /gﬁKr (35) 1C26)

< = 21040

E = . Bi(42) L ¢

2 1071k i "l‘-n p-v (2.8)

§ 107 - - 1_ : .. CNO-v (5.3)

o E \ \\j\\ A
T | l:' 1 | | | I'I | 1 | | | | | 1 | | | * | | | | | | | | 1 | | |

Al
10 200 400 600 800 1000 1200 1400 1600 1800
Energy [keV]

FIG. 20 (color online). Calculated energy spectra due to solar
neutrinos (shown as continuous red line) and of the main
background components (dotted lines). The realistic Borexino
energy resolution is included. The rates are fixed at the values
shown in parenthesis and given in units of cpd/100 ton.

1.2 MIOOHa Ha M2 B Yac gatot

Heckonbko aecaTtkoB Agep ''C B AeHb

u 12C—:»,u FC 4

e 5 UB 4 ot 4

&

TABLE VII. Decay rmate of the main intemal radioactive
backgrounds considered in this work; if the rate has changed
in time the minimum and maximum values are quoted. For ¥ Kr

contamination, both the results of delayed coincidence method
{a) and spectral fit analysis (k) are reported.
[sotope Decay Rate [cpd,/ 100 ton] Reference
(s (3.46 +£0.09) x 10° Sec. XIC 1
BKr (304 £5.3 £ 1.5)@ Sec. XIC2
(3124 1.7 £4.7)0 Sec. XXII
WK < 042 (95% C.L.) Sec. XIC 3
¥ Ar ~{.4 Sec. XIC 4
By (057 4+ 0.05) Sec. XIC 5
*ZRn (1.72 4+ 0.06) Sec. XIC 5
H0g; (4104+1.54+23) Sec. XIC7
*10pg 5x 10°-8 x 10° Sec. XIC 8
2Th (0,13 4+ 003) Sec. XIC9
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UcTo4yHukn ¢poHa B petektope bopekcuHO (BHYTpeHHUe)

TABLE VIL. List of the main internal radioactive back grounds
considered in this work, except those related to Z*U and 2>Th
chains, which are reporied in Tables IX and XVI.

Isoto Mean Life Energy [keV] Decay
;e 8.27 x 107 yrs 156 i
S Kr 15.4 yrs 687 -
WK (89%) 1.85 x 10° yrs 1310 n
WK (11%) 1.85 x 107 yrs 1460 EC + y
9 Ar 388 yrs 565 i

TABLEIX. The 2**U decay chain showing isoiopes, life times,
maximum released energies and type of decay. A large number

of y line accompanying many of the decays are not reported in
the table.

Isotope Mean Life Enercy [keV] Decay
| 6.45 x 10° yrs 4200 a
“HTh 34.8 days 199 n
Hdmpy 1.70 min 2200 -
By 3.53 % 1P yrs 4770 a
S0Th 1.15 x 10P yrs 4690 a
Ra 2.30 x 10* yrs 4790 a
2 Rn 5.51 days 5490 a
2 4.40 min 6000 a
“4ph 38.7 min 1020 5y
4B 28.4 min 3270 fy
Hipg 236 u sec T690 o
210py, 322 yrs 63 By
20R; 7.23 days 1160 -

20pg 200 days 5410 a
o stable - -

i

TABLE X. The -"-Th decay chain showing isotopes, life times,
maximum released energies, and type of decay. A large number

of y line accompanying many of the decays are not reported in
the table.

[sotope Mean life Energy [keV] Decay
*Th 2.03 x 10 yr 4010 a
“%Ra 8.31 yr 46 fy
B Ac 8.84 hr 2140 By
“*Th 2.76 yr 5520 @
M Ra 5.28 day 5690 a
“"Rn 80.2 s 6290 a
2epg 209 ms 6780 x
e 15.3 hr 573 By
22Bi(64%) 87.4 min 2250 i
*2Bi(36%) 87.4 min 6050 a
*pg 431 ns 8780 a
2087 440 min 4990 Fy
£V



TouHble namepeHnss nNoToka ‘Be HeMTpUHO

=
TTTTT

—— Fit: ¥/NDF = 141/138

MoTok 7Be HENTPUHO M3MEPEH C TOYHOCTbIO =L — A
<5% = T
v 10 e pp.epNO(Fixed}
R('Be) = 46.0 £ 1.5(stat)*}3(sys) cpd/100 ton 2 | /
G. Bellini et al. (Borexino Collaboration), Phys. _ [ \ /
Rev. Lett. 107, 141302 (2011) Z %00 } 200 IL{l)ol 800 000 1200 1400 1600
Energy [keV|
8
OTcyTCTBME acCUMMETPUN AeHb/HOYb B OKHE  § °
"Be HenTpuHo noarsepamno LMA (90%) g
B
Agn = 0.001 £ 0.012(stat) £ 0.007(sys). Ee
<]
G. Bellini et al. (Borexino Collaboration), Phys. -6
Lett. B 707’ (2012) 22. _%UOS 07/08 01/09 07/09 01/10
Date [mm/yy]

[opoBble moaynauun (~7%) nokasaHbl Ha 'Be HEUTPUHO

aHanornyHo pesynbtatam SNO n Super Kamiokande
27



Pe3ynbtatbl no pep u CNO conHeYHbIM HEUTPUHO

pep —HENTPUHO 3aperncTpupoBaHbl bnarogaps
pagnoXMMmNMYeCcKon YNCTOTE U crieunasribHom

TEXHMKEe TPOWHbIX COBMageHUn ons After TFC veto pep: 3336057 Phifixed) —— !'C:2482 0.I6
11 e .‘-Bc: 483+ 1.7 ¥B (fixed) 0C:0.18 +0.07
I'IO,D,aBJ'IeHI/IFl CbOHa oT C 1 PKr 199+ 20 External y: 2.5240.20

21'Bj: 53.9+ 2.4

H 1

R(pep) = 3.1 + 0.6y + 0.345 cpd/100 ton,

LIHI| IIHIIII| IIIIIIII| IIIHIII| III}IhI'I|

% 200 400 600 800 I 1000 I 1200 1400 1600
= N
CNO - yctaHOBneH npeaen YyTO4HEHUI £ '°E._ TFC tagged —C 50024 065
. 2 0C: 091+ 045
koToporo MewlaeT doH ot 21°Bi n 11C g Het 13511
E
10’
R(CNO) < 7.9¢cpd/100 tonat 95% C.L. i ! ' {
10’ o . | ‘
200 400 600 800 1000 1200 1400 1600
A;d

G. Bellini et al. (Borexino Collaboration), Phys. Rev. Lett. 108, 051302 (2012).
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pp-HenTpnHO CnekTp pernctpauumn ynpyroro paccesaHns HeMTPUHO Ha 3MNEKTPOHaxX

= \14C
10° PpP-v
10% é—

= synthetic  210p,
10 E-

CNO-v 85K

Events / (day x 100 tons x 1 keV)
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Kak MOXXHO u3ameputb pPp HeilTpuHo ?

MpaHULA CNeKTpa 31eKTPOHOB oTAaun - 264 k3B, rnasHbii ¢poH oT 14C — 156 k3B
OcTanbHHblE U3BECTHblE UCTOYHUKM POHA MMEIOT NIOCKME CMEKTPbI B 3TOM 061acTy

Tpu ycnosma HeobXo4MMO BbINOAHUTD

1) HM3KMIA Nopor pernctTpaumm Mo sHepruu

2) xopouwee 3HepreTnyeckoe paspewerne (~10% npu 200 kaB)
3)HU3KKNI GOH PaaANOAKTUBHDIN

4) Kak MOMKHO MeHblie cobbituii 14C

10°
10°
102
v

° synthetic

pile;up

10"

102

10°

Events / (day x 100 tons x 1 keV)

10

7_
105 b— NN N T N [T SN TN S T N TN S SO T A

100 150 200 250 300 350
Energy (keV)



y2/d.of. = 172.3/147
— pp v: 144 + 13 (free) —— 210pg: 583 + 2 (free)
— "Be»:46.2+ 2.1 (constrained) — 14C: 39.8 + 0.9 (constrained) | BNepBble 6bI1 U3MepeH NOTOK Pp-
— pep v: 2.8 (fixed) Pile-up: 321 + 7 (constrained) ~ ~ 0
CNO »: 5.36 (fixed) — 210Bj: 27 + 8 (free) HeMTPUHO ¢ TouHocTbio ~11%
a = 214pp: 0.06 (fixed) = 8Kr: 1 = 9 (free)
104 pp = 144 + 13 (stat) + 10 (syst) cpd/100 t
ppv
< 10°
s EN© | (MSW/LMA,HM) 131+2 cpd/100 t
10
8 / _
= 10 Synthetic #°Po CNO» -
= pile-up ; r
1 / ; ¥ 210Bj
E. —_ _.-'Be " I e
. 1 e 7 o
'g_ 10° —— y ¥ =
Q2 X ——
:g 1o PPN N T AW t_ .-"; AN
g 103 R A A LAY
w A 214ph “"‘T\‘h———ﬁ
10—4 pep v — “——h-———\i_...__
it
10—5 111 1 | 1 1 111 | 1 1 11 | 111 1 | 111 I I I\h
150 200 250 300 350 400 450 500 550
Energy (keV)
Table 1| Results from the fit to the energy spectrum
Parameter Rate + statistical error Systematic error
G. Bellini et al. (Borexino (c.pd. per 100% (c.pd. per 1001)
Collaboration), “Neutrinos from the  pp neutrino 144 +13 +10
1 — 1 BKr 1+9 +3
primary proton—proton fusion x x
: ” 210gj 27 +8 +3
process in the Sun”, Nature 512, 210p, 583 + 2 12
383 (2014). _ _

The best-fit value and statistical uncertainty for each component are listed together with its systematic
error. The y° per degree of freedom of the fit is y°/d.of. = 172.3/147. 31



[eOHEeNTPMHO M peaKTOpPHbIe HEUTPUHO B AeTeKTope bopekcuHo

MeTogom HanbornbLero npasgonogobus ans duKcMpoBaHHONO XOHAPUTHOIO
oTHoweHus Th/U=3,9 HainaeHbl BKiagbl OT PeakTopoB U FrEOHENUTPUHO U
NoCTaBleH npeaen Ha MoOLWHOCTb reopeakTtopa - 4.5 TBT

16
14}

124 Nreo = ( 14.3 +- 4.4)

10

Npeaktop = (31.2+7.0-6.1)

Qb dekT/PoH ~ 65

Events / 246 p.e./ 613 ton X year

y Ll |
U 1
‘jF\“% l Qkcnosnuyus (613+-26) TOHH * roa

[ St o, _
) L -l | S A J e L L | 1 1 L J 2 Lk

4 500 1000 | 1500 2000 2500 3000 3500
Light yield of prompt event [p.e.]

CneKkTp NO3UTPOHHLIX COBLITUM B AeTekTope bopekcnHo
Measurement of geo-neutrinos from 1353 days of Borexino
http://arxiv.org/pdf/1303.2571v2.pdf 32



Bbynyuee bopekcuHo

Short —distance Oscillation : |
with BoreXino . g
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SOX: Short —distance Oscillation with BoreXino
[Tonck ocumnnaUuun HEUTPUHO C NCKYCTBEHHBLIMU NTCTOYHMKAMU HENTPUHO
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Cnacunbo 3a BHUMaHue




