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Global intensity of muon —

I ’ - #1260 m )
1 (3.03N0.19)I 10°%(cmssy* = — £ N AW =10 s
 Average energy of muon381 GeV i | — ‘/  R=12m
f Fast neutron flux (>3MeV) Sl ;j | N> A8 Low background

i (6.28N2. ZQ)I 108 (cmzs)1 concrete- 60 am




~ BNOINRIRAS

- T June 22 to July 2.20 O”f“:" __‘2% :j O
SAGE
50 tons of metallic Ga "iGa(v,, €)"'Ge, E, = 233 keV
168 runs (Jan 1990 Dec 2007) result
65.4"9, ;SNU [phys Reu C 80, 015807 (2009) The RussianrAmerican experiment

SAGE began to measure the solar
neutrino capture rate with a target of
gallium metal in December 1989

GAILIEX (May 19917 Jan 1997)
CNO (May 19981 Apr 2003

30 t of Ga (103 tons of GaCl acidic solution)
GAILIEX, 65 runs: 73.1*71 ;  SNU (at TAUP2007)

GNO, 58 runs: $2.9755 _ . SNU
GAILIERX + GNO : 67.5 85, IQ'MU

The first Ga experiments results provided a The weighted average of the results of all
direct indication of the neutrino oscillations

) . ' i86.1+ 3.1 SNIU

existence that became a strong justification for Gasolar prerlmﬁ L= ﬁg 361 . .f |

the SNO experiment. Ga e>_<per|_ments aye shown deficit or solar
neutrino in the entire energy range.

(1 SNIU =1 interaction/s in a target that contains 18 atoms
of the neutrino absorbing isotopg.



2 BNO INRIRAS

. e
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-~ - = :
-‘;),?:" i : -

= Jne 220 July 2, SRR g T Lz z. g
SAGE & GAILIERX Reutrino Source eomimnks

Neutrino sources

SICE: 747 keV (81.6%) 427 keV (9.0%) 752 keV (8.5%) 432 keV (0.9%)
YAE: 811 keV (90.2%) 813 keV (9.8%)

19947 1995 A(Cr,) =1.714N0.036 MCi 19947 1995 {A(Cr) = 0.517N0.006 MCi
GAILIEEX: 3 ~ SAGE: N _

1995i 1996 A(Cr,) =1.868N0.073 MCi 2004 A(Ar) = 0.409N0.002 MCi
Results

PLB 342 (1995) [ R,(Cr) = 0.953N0.11 PRC 59 (1999 R4(Cr) = 0.95N0.12
GALIEEX: SAGE: i

PLB 420 (1998) L R,(Cr) = 0.812N0.10 PRC 73 (2006) R,(Ar) = 0.791N0.084

Ri ratio of the measured production rate to that expecte¢Bahcall 97] (no uncertainty on cross section included

The differences of 4 times in activities and more then 2 times in target masses result in equal
uncertainties of the experiments. The cause is different sensitivity of the targetsddrom sources and
dimensions of the sources.

Galliiwim anomaly: [Mario A. Acero, Carlo Giunti, and Marco Laveder. Phys. Rev. D 78, 073009 (2008), arXiv:0711.4222v3]
The neutrino capture rate measured by thésa detectors SAGE with>1Cr and 37Ar artificial
neutrino sources is considerably less than expected.

RaveBahcalI = 0.8/ NO 05 (26U)
RaveFrefers - 0.84N 0.05 (2@) [S Gariazzo, C Giunti, M Laveder, Y F Li, E M Zavanin, arXiv:1507.08204v1 hep-ph]]



C €My j tc HEB] (HaAksan Experiment on Sterile Transitips s d i ¢
fnls j ted dz! dzr R 3. 0232 Is toc d dats,

tdLbkd IsOIsT ftesojHjdedz" » LO §tsmdzjHdzed] HJI MWISC
ftSHIse j o HOB s MIsOdgH Otelsdzlz BsH Jdz@ M Istej dgW

1 S jtod d3j ldalsitsof df Ntedp F dzd B dzOtclz ) j 2z' 8 . dBsIzO|dzd
viStstedlsj dzt dz" j 1 St jteddsj dalsr : HE

{ jOCtedzOY OdsRBOdkdY: dzgj HsMsOIEBS + dzj € ls
sOzdBtecs9a C O cOdzdzd j o = Hj Isj 6B ttze 9 o @ wdxarjzig g0
SAGE/GALLEX, dzj H =B OB &S

In a new Gaexperiment we will increase the Features
sensitivity to oscillations by separating the target | | A (Almost) monochromatic pures, (0.75 MeV)
in two independent zones include space A Known neutrino flux
sensitivity, two different baselines A Small size of sourcéseveral cn)
A Negligible backgrounds
A High density of 3, interactions in Ga metall

Outer zone

Inner zone

Source

sin?(20) /

N

inner zone Outer zone

Source




Fiisit mnnmal of tweo im(ia expeﬂmemt With Slcf(ammn) souirce

system of cooling

“l‘//_ The rate at SOH4.5 atomsiaay

B [ W Targeat: 500 Gasnetalll
| ‘ i " MassssbflibedareR t andl42 t
i

Padhllengifinreadcronerd> = 55 cm
07 crosssed.{5.8] 104° cn? [Bahcall}

o g

Gl

£

| L
um —!S /
o

Since 2011 construction of the BEST

experiment installation started
~ [Physics of Particles and Nuclei. 2015. Vol.46, No.2.

[ . The region ingm? - sin?(2d) space to which
LLI arXiv:1006.2103vanuck-ex] the new 3 MCi5iCr experiment will be senS|t|ve

lO

o
\_/]__
£

<]

0.01 Y Y
sin“20
arXiv:1204.5379v1 [heyph] 18 Apr 2012
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The source was |mmed|ately placed at the center of thedwe target of liquid gallium.
First stage of the BEST experiment began.

yacc the moment of g\‘t&’ €

d from aWansport contaipgri

At 14:2 Moscow time(5 July 2019 the first irradiation of the two -zone
gallium target has started.




1. Working with the >1Cr source (completed on October 2019):

- 10 exposures of aZone gallium target by the source

- 20 extractions from 2 zones of gallium target,

- 10 calorimetric measurements of the source activity,

- 11 spectrometric measurements of the gamma spectrum of the source,
- synthesis of germane (Ggtand filling counters

- installation of filled counters in the counting systems

2. "1Ge decay measurements (completed on March 2020):

- primary data collection and processing,

- preliminary data analysis

- comparative crosscheck data analysis

3. Tests and checks (around the end of August ):

production of 37Ar, "1Ge isotopes

verification of counting systems,

measurement of the counters volumetric and peak efficiencies,
estimation of all systematic uncertainties

4. Interpretation and presentation of results (September 2020)



NO INR RAS

= June 22 to July 2 2020’ 2

Extraction schedule and related parameters
The times of exposure are given in days of ye&019

Source exposure Extraction
Begin End from cylindrical target

Dayyear | Mo Da Hr Mn| Dayyear | Mo Da Hr Mn | Name | Date (2019)

Extraction

Massa [Extraction efficiency] From stimcal tarpet Massa | Extraction efficiency
Ga into Ga into
(tons) (tons)

from Ga| GeH4 |[Name| Date (2019) from Ga | GeH4

186.585 | 07.05 14:02 [196.376| 07.15 09:02 [Crl 15 Jul 13:59
197.362 | 07.16 08:41 [206.372| 07.25 08:56 |Cr2 25 Jul 13:51
207.282 | 07.26 06:47 |216.374| 08.04 08:59 |Cr3 |04 Aug12:47
217.286 | 08.05 06:52 |226.371| 08.14 08:54 |Cr4 |14 Aug12:51
227.258| 08.1506:12 |236.458| 08.24 11:00 |Cr5S |24 Aug 14:35
237.342| 08.2508:13 | 246.37 | 09.03 08:51 (Cr6 |03 Sep 12:35
247.243 | 09.04 05:50 [256.368| 09.13 08:50 [Cr7 |13 Sep12:29
257.241 | 09.14 05:47 | 266.37 | 09.23 08:52 Cr8 | 23 Sep 12:32
267.240 | 09.24 05:46 |276.369| 10.03 08:51 |Cr9 |03 Oct 12:27
277.200| 10.04 04:49 |286.367| 10.13 08:48 |Crl0 |13 Oct 12:26

40.091 0.97 091 |[Crll | 15Jul 16:01 74| 098 0.93
40.091 0.97 0.92 |Cr21 | 25 Jul 16:32 74| 097 0.92
40.09] 0098 097 |[Cr31 |04 Augl6:37| 74| 0.97 0.92
40.091 0.98 0.94 |Cr4l |14 Augl5:35| 74| 097 0.92
40.09] 1.00 097 |Cr51 |24 Augl17:17| 7.4 099 0.96
40.09] 1.00 098 |Cr61 | 03 Sep15:18| 74| 1.00 1.00
40.09] 1.00 1.00 |Cr71 |13 Sep 15:11 74| 1.00 1.00
40.09] 1.00 1.00 |Cr81 |23 Sep15:17| 74| 1.00 1.00
40.09| 0.95 0.88 |Cr91 |03 0Oct15:00f 74| 097 0.92
40.09] 0.99 0.95 |[Crl01 13 Oct 14:59| 74| 0.99 0.94

10 targets irradiations:

Mean exposure time- 9.18 d;

Masses : 7.4t and 40.09 t;

Mean extraction eff. from Ga is 98%;
Mean the overall efficiency including
synthesis into the counting gas Gejt 96%;

The efficiency of extraction was measured
by adding to the Ga a known mass of
inactive Ge carrier before the start of
exposure to the neutrino source and
measuring the mass of extracted Ge.

The mass of added ca
of ?Ge (92%) and’®Ge(95%) were used.y



Summary

0 The BEST experiment- first direct search for neutrino oscillations into 4th flavor
with radioactive source has started 5 July 2019 in BNO INR RAS

0 The first stage of BEST is finished and the second stage is nearing completion.
Currently preparatory works have begun for the implementation of the third final one.

0 Spectrometric measurements of gamma radiation of the source shown a high purity
of the material used to production the’'Cr source and therefore a negligible
contributions (~ 10°%) from impurity radio nuclides to the calorimetric source activity
measurements

0 Obtained a precise value of the source activity from the calorimetric measurements
whichis3.4099N0O . 008 [ Ci on 05.07.2019 at 14:0:

0 Results of data measurements analysis is expected in September 2020
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Counting rate for antineutrinos from nuclear reactors
and geoneutrinos at the resumed detector locations

R, TNU, reactor G TNU
T i . i . T, 1 5 )
Location (D), lkm rel::’étTOl;dSL %E?;r-ilm spedrumtv‘\:lthm geoneutrino Re/G
3 p geoneutrino spectrum
window
Baksan 1738.1 38.24 14.37 Hh2.6 0.3
Gran Sasso 1135.8 94.15 35.35 39.8 0.9
Sudbury 605.6 190.74 72.85 49.9 [.4
Pyhasalmi 1184.7 72.97 27.61 52.9 0.5
Hawaii 7720.5 3.44 1.29 15.3 0.1
Kamioka 1675.0 27.79 10.30 31.7 0.3

|. R. Barabanov et al. Largélume Detector at the Baksan Neutrino Observatory for Studies of Natural Neutrin
Fluxes for Purposes of Geand Astrophysics?hysics of Atomic Nuclei, 2017, Vol. 80, No. 3, ppi4584.

Jinping 27.8 6.8 59.4 0.1

L. Wan et al. Geoneutrinos at Jinping: Flux prediction and oscillation anallyéigs. Rev. D 95, 053001 (2017)



Baksan Large Volume Scintillation Telescope

A large volume detector filled with liquid scintillator at the Baksan neutrino
observatory is discussed during many years. The main research directiol
the BLVST are neutrino geophysics and neutrino astrophysics.

Estimation of target mass of future detector is changed over time:
1 kton target mass of LSG.V. Domogatskgt al., Phys.Atom.Nucl., 68, 69, 2005.
5 kton target mass of LSG.V. Domogatsky et al., Phys.Atom.Nucl., 70, 1081, 2007

10 kton target mass of LS.R. Barabanov et al., Physics of Atomic Nuclei, 2017, Vol
80, No. 3, pp. 446154,

At present a complex of research and development aimed a
creation of a nevgeneration scintillation detector using a

extrapure scintillator of 10 kiloton mass Is performed
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First prototype:
0.5 t of LAB -basediquid organic scintillatorn aacrylic sphee.
Structurally, the prototype of the scintillation detector consists of an external cylindrical
and the inner part, including tlaerylic sphee and stainless steel construction, which are
attached photodetectors, and which provides additional fixatiaargfic sphee.
An array of 20 1dnch Hamamatsu R708100 PMTs surrounds theerylic sphee.

The acrylic sphere: inner diameter of 960 mm.




First prototype.
The external tank is a polypropylene cylinder with an inner diameter of 2400 mm (wal
thickness of 20 mm) and 2800 mm high. To fill the tank
with ultrapure water, a piping system was installed connecting the housing with wate
purification system.

The prototype is installed in the hall of the GGNT (4800 m.w.e.)

7 ’ l‘ F

Water purification system External tank from polypropylene
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- "Kosep", 400 cueT4HKOB Ha OCHOBE
SKHKOTO CHUHTHILISTOPA

- BBIHOCHBIE IYHKTBI PErHCTPALIHH,
18 c4eTUYHKOB Ha OCHOBE JKHJIKOTO
CIHHTHIIIATOPA

- TToa3eMHBIi MIOOHHBIH JICTEKTOP,
410 cyeTYMKOB Ha OCHOBE
IIACTHYECKOTO CIMHTHILIATOPA

- HoBbie BEIHOCHBIE ITYHKTBI
perucTpamui, 9 CYETIHKOB Ha OCHOBE
[UTACTHYECKOTO CIHHTHILIATOPA
(IOJIHOCTBIO TOTOBBI K padore)

HoBble BEIHOCHBIE ITYHKTBI
perucrpainu, OyIyT roToBel K pabore
K koH1y 2020
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