B JIABOPATOPUAX MHCTUTYTA

0. IO. Cmupnos, A. B. Buwunesa

«bopexcuHo» B 2015 .

B 2015 r. xommabopanmeit «kbopekcrHo» OmyOIruKoBa-
HBI HOBBIE PE3YJBTAThI 10 U3MEPEHUIO I0TOKA FEOHEUTPH-
HO [1] 1 moTy4eHbI HOBBIE OTPAHUYEHUS HA BPEMS KU3HU
9JIEKTPOHA IT0 OTHOILICHHUIO K pacrany e — v + 7 [2].

M3mepeHue notoka reOHEUTPUHO MPOU3BENECHO Ha
CTaTHUCTHKe, HaOpaHHOU B TeueHne 2056 cyT, B 1Ba pasza
OoJIbILICH O CPAaBHEHHIO C MCIOJIb30BAHHOM B TIPEJIbIAY-
et myOnukarn. Beero nabmromaercs 77 aHTHHEHTPUH-
HBIX KaHJUJATOB C OXKMIAEeMbIM OTHOLICHHEM BKJIAJI0B
OT TCOHEHTPHUHO M EBPOMEUCKHUX PEaKTOPOB OKoJO 1:2
(puc. 1). ®oH B aHTHHEHUTPHUHHBIX U3MEPEHUSIX HA JICTCK-
Tope «BOpeKkCHHO» OT APYruX H3BECTHBIX HCTOUYHUKOB
MIPEHEOPEKUMO Mall ¥ COCTABIIAET MEHEE OTHOTO COOBITHS
3a BpeMsi HaOmoneHus. OneHKa HaOII01aeMoro CUrHala
OT TEOHEHTPUHO MPOU3BOJAMIACH C TOMOIIBIO MOATOHKH
HaOJII01aeMOT0 CIEKTPa CIIEKTPAILHBIMH BKJIAIaMH OT Te-
OHEHTPHHO (C PUKCHPOBAHHBIM XOHAUTHBIM OTHOILICHUEM
macc U u Th B 3emnie M(Th)/M(U)=3,9), peakropHbIX
HEWTPUHO U ocTaTtouHbIX (hoHOB. Habmomaemblit curuan
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OT TEOHEUTPUHO COCTABUII (43,5ﬂ%’17) TNU (Terrestrial

Neutrino Unit) B MOJHOM COITaCHU C OXKHIACMBIM IS
OompmmHCTBa Teopusndecknx moxpened (1 TNU coor-
BETCTBYET OJHOMY COOBITHIO B roj Ha 1032 mpoToHOB M-
IIeHH). BEpOsSTHOCTH OTCYTCTBHS BKJIa/1a OT TEOHEHTPHHO
B HaOJIOACMOM CIIEKTPE HHYTOKHO Majia M COCTABIISCT
3,6-1077.

[Ipu 3TOM BHIEpBBIC B UCTOPUU HAOIIOICHHS TCOHCH-
TPUHO C ONpEIeICHHOU noieil BepostHocTh (98 % y. 1.)
MOYXXHO yTBEP)KIATh, YTO TCOHCHTPHHHBIA CHTHAT MMECT
HEHyNeBOoH BKJIag oT MaHTHH. OIEHKa BKJIaaa 3eMHOM
kopbl cocraimsier (23,4+2,8) TNU. Crarucruueckast
pa3HOCTh HAOJIOIAEMOr0 CHTHAJIA M BKJIAZa 36MHOM KOPBI
(T.e. cUTHaTa OT MaHTHHU) COCTABIACT (20,9J_r%(5):§) TNU,
COOTBETCTBYIOIIAsE BEPOSTHOCTHh HEHYJIEBOTO BKJIa1a MaH-
™ — 98 %.

Bxian paavioreHHOro Temsia, PacCYMTAHHBINA IS
pa3HBIX MOJCICH, TpeACTaBIeH Ha pUC.2: 0OCh X — pa-
MUOTEHHOE TeIIo, OChb ) — HaONIOMaeMbIl CHUTHAIL.

O. Yu. Smirnov, A. V. Vishneva

Borexino in 2015

In 2015 the Borexino collaboration obtained new
results on geoneutrino flux [1] and established stringent
limits on electron lifetime with respect to the decay mode
e—-v+7y[2]

The geoneutrino flux measurement was performed
with 2056 days data set, which is twice as large as the
statistics used in the previous publication. Seventy-seven
antineutrino candidates were observed in total, with
the expected ratio of geoneutrinos to neutrinos from the
European reactors of about 1:2 (see Fig. 1). Backgrounds
from other sources for antineutrino measurement in
Borexino are negligible and do not exceed one event for
the measurement time. The observed geoneutrino signal
is evaluated by fitting the experimental spectrum with the
spectral contributions from geoneutrino (with chondritic
Th/U mass ratio fixed at M(Th)/M(U)=3.9), reactor
neutrino and residual backgrounds. The observed value
of (43.5 ﬂ%:%) TNU for the geoneutrino flux is totally

consistent with the expected one for most of geophysical
models (1 TNU, Terrestrial Neutrino Unit, corresponds to
1 event per year for 1032 protons in target). The probability
of the absence of geoneutrino signal is negligible, namely,
3.6-1077.

Moreover, for the first time in the history of geo-
neutrino observations, the non-zero contribution from the
mantle is confirmed at 98 % confidence level. Estimated
crust contribution to the total signal is (23.4 £ 2.8) TNU.
The statistical difference between the total observed signal
and the crust contribution (i.e., the signal from the mantle)
is (20.97131)) TNU, which corresponds to the non-zero
contribution from the mantle with 98 % probability.

The radiogenic heat contribution calculated for
different models is presented in Fig. 2. The radiogenic heat
is plotted in the x axis, and the observed signal is presented
in the y axis. The maximal (red line) and the minimal (blue
line) signals correspond to two extreme distributions of
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MakcruManbHbIi (KpacHas JTUHHS) ¥ MUHUMAJbHBIN (CH-
HSIST JIMHUSI) CUTHAJIBI COOTBETCTBYIOT JIBYM MPEACIbHBIM
pacripe/ie/ieHisIM PaJMOAKTHBHBIX SJIEMEHTOB B MAHTHU B
Ka)XJJ0H M3 MOJIeJICH: OHOPOIHOMY M Ha TpaHHLe SIpo/
MaHTHUs. PaauoreHHbld BKJIQJ B IOJHOE TEIUIO 3EMUIH,
COOTBETCTBYIOLMH Habmogaemomy B «bopekcuHo»
curHaiy, cocrasinser ot 11 go 52 TBt mnst 68 %-ro y. 1.

Puc. 1. Criextp antuneiirpuno, HabpanHslii 3a 2056 cyt. Beero
HaOJTIOATIOCh 77 KaHIUIATOB aHTUHEUTPUHO, U3 HUX 1/3 — reo-
HEUTpHUHO
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Fig. 1. Antineutrino spectrum in Borexino for 2056 days of the
data taking. Seventy-seven antineutrino candidates are observed
in total, about 1/3 of which are geoneutrinos

the radioactive elements in the mantle: homogeneous
(maximal) and all the heating elements at the crust/mantle
boundary (minimal). The radiogenic contribution to the
total Earth heat, corresponding to the signal observed
in Borexino, could be from 11 to 52 TW at 68% C.L.
Coloured areas correspond to three classes of the most
popular geophysical models, namely, cosmochemical,
geochemical and geodynamical ones. Nowadays the
discrimination among these models is still impossible due
to the limited precision of the measurement.

The second important result obtained by Borexino in
2015 is the best limit for the electron lifetime with respect
to the decay mode with the electric charge conservation
violation e — v + 7 [2].

A similar analysis was provided by the collaboration
earlier with the data acquired at the 4-tonne prototype of
the Borexino. The result has been the best electron lifetime
limit for 13 years. As Borexino has a much larger mass and
a lower residual background level in comparison with the
prototype, a significant improvement of the previous result
was expected.

A monoenergetic photon of energy equal to half
of the electron mass (256 keV) was considered as an
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3amTpUXOBAaHHBIMU 00JACTSIMH 0003HAUEHBI TPH Kjacca
HauOoJiee MoMyISPHBIX FeOPU3MIECKUX MOJIEIeH: KOCMO-
XMMHYECKHE, TEOXUMHYECKHE U reoJMHamMudeckue. B Ha-
CTOAIIEE BPEMsI M3-32 HEBBICOKOH TOYHOCTH HM3MEPEHHS
TEOHEUTPUHHOIO CUTHAJIA JUCKPUMHUHALMUS MOJENEH He
MIPE/ICTABIISIETCS] BO3MOYKHOM.

Bropoii BaxkHbIii pe3ynbTat, noiayyeHHbld B 2015 1. Ha
«bopexcnHOY, TIpeicTaBIAeT COOOH TyUIliee OTpaHuICHHE
Ha BpeMsl )KU3HH 3JIEKTPOHA 0 OTHOLICHUIO K pachany ¢
HapyIlIEHHEM IEKTPUUECKOro 3apsia e — v + 7 [2].

Panee momoOHBIN aHanmm3 IMPOBOXMICS Koiutabopa-
nyel Ha JaHHBIX, HAOpaHHBIX Ha 4-TOHHOM TPOTOTHIIE
nerexTopa «bopekcHHO»; MOJIyYeHHBIH pe3ylbTar ocTa-
BaJicsl HanOoJIee CHIIBHBIM OTPAaHMYEHUEM Ha BPEMsI JKU3-
HHU dMekTpoHa B TedeHue 13 met. ITockonmbKy meTekrop
«bopekcnHo» o0NamaeT 3HAYUTENHLHO OOJBIIEH Maccoi
u OoJiee HU3KUM YPOBHEM OCTATOYHOH paJIMOaKTHBHOCTH
110 CPAaBHEHHMIO C ITPOTOTHUIIOM, OXKMAATIOCH 3HAYUTEIILHOE
YIIydIIEHHE TPEIBIAYIIETO PE3YIbTaTa.

B kauecTBe curHaia ot pacraja dJIeKTpoHa paccMmar-
pUBaJICcs MOHOPHEpreTnieckuii poToH ¢ sHepruei 256 koB
(monmoBMHA Macchl 3MEKTpoHa). [IpomonennpoBaHHBIN
MetooM MonTe-Kapno curaan ObuT BKITIOUEH B OOMIYIO
NOArOHOYHYI0 (yHKUMI0. [ToAroHKa sKCIIepUMEHTAIBHO-
TO CIIEKTpa MPOU3BOAWIACH NMPH PA3TMYHBIX 3HAYCHHIX

Puc. 2. Bkiag paanoreHHOro Teruia, pacCYuTaHHBIN ISl pa3HbIX
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Fig.2. Radiogenic heat calculated for different Earth models

electron decay signal. The expected signal was modeled
with the Monte Carlo method and included in the total
fitting function. Fitting of the experimental spectrum was
performed at various event rates of the hypothetical decay.
Analysis of the obtained chi-square profile with accounting
for possible systematic errors gives a limit on the event
rate of 1.23 events per day per 100 t of the scintillator
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CKOPOCTH cYeTa Ul MCKOMOTIO Ipouecca. AHaIu3 MOiy-
uMBIIErocs MPO(GHIA ¥ 2 ¢ yUeTOM BO3MOXKHEIX CHCTEMA-
THYECKUX OIIMOOK JIaeT OrpaHMUYCHNE HA CKOPOCTH CUeTa
Ha ypoBHE 1,23 coOpITHs B cyTkr Ha 100 T CIITHTHILIATOpA
st 90 %-ro y.[1., YTO COOTBETCTBYET HIKHEMY IPEAEITY
Ha BpEeMs JKH3HH MIEeKTpoHa T = 6,6 1028 jer u ma nsa
TIOPsIJIKa IPEBBIIACT MPEABLTYIHI Pe3yabTaT IS JTAHHOH
MOJIBI pacmaja.

[Ipumep cnekTpaJbHOM NOATOHKM IPEACTABIEH Ha
puc.3. 3mech CKOpPOCTh cYeTa MOHOIHEPreTHIECKOTO
(oroHa 3aduKCHpOBaHA MPU 3HAYCHHUH, COOTBETCTBYIO-
mem npeaensaomy it 90 %-1o y. 1., OJIOKeHHEe TTHKa OT
7 -KBaHTa C 3Hepruen 256 k3B oTMedeHo cTpemKoil.

Vuensle JISIII npuHuManu akTUBHOE ydacTue B
aHaJM3€ JIAaHHBIX Uil 00eMX MyOJIMKaluid M BHECIH pe-
[IAIOMMK BKJIAJ B IOJyYeHHE pe3ynbrara. Pesynbrars
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JOKJIabIBAIICh HA MEXKIYyHAapOIHBIX KOH(EPEHIHAX B
2015 [3, 4].

B Omwxkaiimux minaHax Kojabopanuu — MOIBIT-
Ka M3MepeHus (WIM OrpaHWYEHHUs) MOTOKAa HEHTPUHO W3
yriepoaHo-a30THOro 1ukia (mmn CNO-nukna) B ComnHie.
JlaHHOE M3MepeHue NpeCTaBIseT MEPBOCTEICHHBIN MH-
Tepec B coBpeMeHHO# (u3nke ColHIA B CBSI3U C TaK Ha-
3bIBaeMoOil pobnemoii MertaimnaHoct ConHua (WM ero
XMMHYECKOTO COCTaBa), KOTOpasi Ha CErOfHs MOXET OBITh
pelIeHa TONBKO IyTeM M3MEPEHHUsS] MOTOKa HEHTPUHO U3
yIepoaHo-a30THOro uukia. B 2015 . ¢ uensto peanusa-
un m3Meperns noroka CNO-HEHTpHHO ocymiecTBIeHa
TepMOU30IALYs AeTekTopa. OHA J0KHA MPEAOTBPATUTh
MepEeMEIINBAHNE CLUHTHILIATOPA 33 CUET KOHBEKIIUH, TIPH
OTOM HOABUTCA BO3MOXHOCTH BBIACIUTH CKOPOCTH CUCTaA
210Bi, maxomsmerocs B BekoBoM paBHoBecuu ¢ 210Po.
Usmepenne ckopoct cuera 210Bi spmstercst cymecTneH-

Fit result for the electron decay rate = 1.23 c¢pd/100 t
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for 90% C.L., which corresponds to the lower limit on
the electron lifetime of 7>6.6-1028 y and improves
the previous result for this decay mode by two orders of
magnitude.

An example of the spectral fit is presented in Fig.3.
Here the event rate of the monoenergetic photon is fixed at
the value corresponding to 90% C.L., the arrow points at
the position of the 256 keV gamma peak.

DLNP scientists actively participated in the data
analysis for both publications. The results were reported at
international conferences in 2015 [3, 4].

The near future plans of the collaboration include
an attempt to measure (or constrain) the flux of neutrinos
from the CNO cycle in the Sun. This measurement is of
the primary interest in modern solar physics in view of

the so-called solar metallicity problem (or the problem
of solar chemical composition) which can be solved only
by measuring the flux of the CNO neutrinos. In view of
the measurement, the thermal isolation of the Borexino
tank was undertaken this year with a purpose of stopping
the transfer of the residual 21%Bi into the central core of
the detector due to the convection movement, allowing
the separation of the fraction of 2!10Bi rate in secular
equilibrium with 219Po. 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 those expected
from the CNO neutrino.

Combined analysis of the first and the second phases
of the experiment is envisaged in order to improve the
accuracy of measurement of the most intense neutrino

15
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HOW YaCTBIO CIIEKTPAJFHOTO aHalM3a, TaKk Kak Qopma
[ -cniexrpa 21 9Bi mpakTHueckn HeoT UMM OT CIEKTPATH-
HOH Gopmbl curHamNa, oxkugaeMoro or CNO-HEHTpHHO.

[IpenycMOTpeH COBMECTHBIN aHaIN3 JaHHBIX Iep-
BOIl M BTOPO#l (ha3 3KCHEpUMEHTa C LENbI0 YIY4IIeHUS
TOYHOCTH M3MEPEHUs] HanOoJiee MHTEHCHUBHBIX IOTOKOB
HeHTPUHO U3 pp-Tienouku peakuuii Ha Comne (pp u 'Be).
3arulaHupoBaHa paboTa M0 YTOYHEHHIO OrPaHUYCHHS Ha
3¢ GEKTUBHBI MarHUTHBI MOMEHT COJHCYHBIX HEUTPH-
HO, 0XKHJAeTCsl yaydlleHHe Ipeesa B J[Ba pasa, uTo CO-
OTBETCTBYET 3HAYEHHIO, JJOCTUTHYTOMY B Haubojee 4yB-
CTBUTEIBHOM PEAKTOPHOM DKCIIEPUMEHTE C T€pMaHUEBbI-
mu aetekropamu GEMMA.

B 2016 r. 3anmaHupoBaHbl H3MEPEHUS C UCKYCCTBEH-
HBIM HCTOYHUKOM aHTHHEHTPHUHO B paMKax mpoekra SOX
C LENBIO ITOWCKA AKTHBHO OOCYX/TAeMBIX B ITIOCIIEIHEE
BpeMsi CTEPUIBHBIX HEUTpUHO. Eciu cTepunbHble HEUTpU-
HO CYIIECTBYIOT, TO OHH JIOJDKHBI TIPOSIBUTH ce0sl B 3TOM
AKCIEPUMEHTE, CO3/IaBast XapaKTEPHBIA OCHUIUISIIMOHHBIN
«y30p» — HNEPUOAMYECKUE M3MEHEHHs MIOTHOCTH PEru-
CTPHUPYEMBIX COOBITHIA.

AT THE LABORATORIES OF JINR

CnHcok TuTeparypbl

1. Agostini M. et al. (Borexino Collab.). Spectroscopy of
Geoneutrinos from 2056 Days of Borexino Data // Phys. Rev. D.
2015.V.92.P.031101.

2. Agostini M. et al. (Borexino Collab.). A Test of Electric
Charge Conservation with Borexino. arXiv:1509.01223 [hep-
ex]; Phys. Rev. Lett. (submitted).
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4. Vishneva A. on behalf of the Borexino Collab. Test of
the Electric Charge Conservation Law with Borexino Detec-
tor // The Intern. Conf. on Particle Physics and Astrophysics
(ICPPA-2015), 5-10 Oct. 2015, Moscow, Russia.

fluxes from the proton—proton chain in the Sun (pp and
"Be). There are also plans for improvement of the limit
on the effective neutrino magnetic moment; we expect the
improvement by a factor of two achieving the sensitivity
comparable to the GEMMA experiment, the most sensitive
reactor experiment with germanium detectors.

In 2016 the measurements with an artificial
antineutrino source are planned within the framework of
the SOX project. The aim of the measurement is the search
for sterile neutrinos actively discussed by physicists in the
last years. If sterile neutrinos exist they will be detected by
searching for a specific oscillation pattern with periodical
changes of events density.
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MJAH COBELLAHN/ OUAN
SCHEDULE OF JINR MEETINGS

7-s1 MexnyHaponHas KoHdepeHnus «PacnpeeseHHbIC BEIYACICHUS U TPUA-TEXHOIOTHH

B HayKe U 00pa3oBaHHm», ocBsmIeHHas 60-netnio OMAN

TenpMronbLeBcKast MEXIyHApOIHAS JIETHIS Kona «KBaHToBast pU3MKa MpeaeTbHBIX
COCTOSIHUI: OT CHJIBHBIX TIOJICH 10 TSKETBIX KBAPKOBY

MexnyHnaponHast mkoja «IlepcrnekTHBHBIE METObI COBPEMEHHOM TEOPETUUSCKON (PU3HKH:
WHTETPUPYEMBbIE U CTOXaCTHYECKHE CUCTEMBD)

Cosemnranue xoyutadoparmu NA-62

I'enbMronbLeBcKast MEXIyHapoaHast JIETHA 1iKoja «KocMonorus, CTpyHb! M HOBast GU3UKa»

120-s ceccust Yuenoro cosera OMSAN
8-t MexmyHapoIHbIH CUMIIO3UYM 110 3k30TH4ecKuM siipam (EXON-2016)

Tpetuii 3Tarm MexIyHapOxHOH MpakTHKU JuIs cTyaeHToB u3 FOAP, Cepbun, bemopyccun, Ky0sr
MesxayHapoaHoe coBelanue «YckoputenbHbiil komruiekc NICA: mpoOaeMsl 1 pereHus»

MexayHapoaHoe coBeranue «Kiraccmaeckrie U KBAHTOBBIE HHTETPHPYEMbBIE CHCTEMBI

1 CYIIEpCHUMMETPHSI»

23-ii BanauHCKUI MEKyHApOIHBIN ceMUHAp 10 rnpodiieMaM (PU3UKU BBICOKUX SHEPTHI
«PensTuBUCTCKAS siiepHAs (PU3HMKA M KBAHTOBAs XPOMOIAMHAMUKA, TIOCBSIIIICHHBIH

90-netuto co aHs poxaeHus akajemuka A. M. baniuna

72-e 3acenanne Cosera Otaenenus saepHol Gk EBporeiickoro pu3ndeckoro oodmecrsa,
nocssmennoe 60-aeturo OMAN

4-9 urons, JlyOHa
18-30 utons, Jyona

31 utonsa — 6 aBrycra,
JyOHa

22-27 aBrycra, [lyoHa
28 aBrycra —

10 cents0ps1, [yOHa
Cenrs6ps, [JyoHa

4—10 cents6ps, Kazans,
Poccus

4-25 cenrs6ps, [lyoHa
10—17 cenTsioOps,
Co3zomnons, borrapus
19-24 cenrsa0ps,
Taupn3uas, Kurait
19-24 cenrs6ps, HLyOna

28-30 cenrs0ps, [yoHa

The 7th international conference “Distributed Computing and Grid Technologies in Science
and Education” dedicated to the 60th anniversary of JINR

Helmholtz international summer school “Quantum Field Theory at the Limits:

From Strong Fields to Heavy Quarks”

International school “Advanced Methods of Modern Theoretical Physics: Integrable and
Stochastic Systems”

NAG62 Collaboration Meeting

Helmholtz international summer school “Cosmology, Strings and New Physics”

The 120th session of the JINR Scientific Council
The 8th International Symposium on Exotic Nuclei (EXON-2016)

Third stage of the International Student Practice for students from RSA, Serbia, Belarus and
Cuba
International workshop “NICA Accelerating Complex: Problems and Solutions”

International workshop “Classical and Quantum Integrable Systems and Supersymmetry”

23rd Baldin International Seminar on High Energy Physics Problems “Relativistic Nuclear
Physics and Quantum Chromodynamics” (Baldin ISHEPP-23), dedicated to the 90th
anniversary of Academician Baldin’s birthday

The 72nd Nuclear Physics Division Board Meeting of the European Physical Society,
dedicated to the 60th anniversary of JINR

4-9 July, Dubna
18-30 July, Dubna
31 July — 6 August, Dubna

22-27 August, Dubna

28 August — 10 September,
Dubna

September, Dubna

4-10 September, Kazan,
Russia

4-25 September, Dubna

10-17 September, Sozopol,
Bulgaria

19-24 September, Tianjin,
China

19-24 September, Dubna

28-30 September, Dubna
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