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1,7 - Low-background Chamber
2 - Baksan underground  scintillation telescope
3 - Laser interferometer
4 - Acoustic gravitational antenna 
5 - Geophysics  laboratory
6 - Gallium-Germanium Neutrino Telescope (SAGE)

* - for the further projects
- EAS array “Andyrchy” village

*

Baksan Neutrino Observatory
LGGNT - 3,5 km from the entrance
2100 meters of rock coverage –
crystal schists acid magmatic rock
4700 m.w.e. 

Mt. Andyrchi
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BEST installation



   51V (stable)
320 keV γ

51Cr (27.7 days)

427 keV ν (9.0%)
432 keV ν (0.9%) 747 keV ν (81.6%)

752 keV ν  (8.5%) 

BEST installation scheme

Source activity measurement:
1) Moving the source into a lead container
2) Measuring gamma spectrum at 21.65 m 

distance with a semiconductor detector ( 1h)
3) Moving the source into a calorimeter
4) Measuring the heat emitted by  the source ( 20-21 h )

71Ge extraction (30 hours in total) :
1) Pumping gallium from the target into chemical reactors: 
inner zone → 1 reactor, outer zone → 6 reactors. ( 4.5 h)
2) In each reactor the germanium carrier in the form of GeCl4 
is extracted from the metal into aqueous phase.
3) Concentration of the aqueous solution by evaporation. (16h)
4) Synthesis of GeH4 and placing it into a proportional counter.
5) 71Ge decays are counted.( 60 – 150 days)
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νe + 71Ga → 71Ge + e-
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The 51Cr electron neutrino source with an estimated activity of 3.28 MCi was 
delivered to BNO on July 5, 2019.
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The source was immediately placed at the center of the two-zone target of liquid gallium.
First stage of the BEST experiment began.

At 14:02 Moscow time the first  irradiation of the two-zone gallium target 
has started.
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Installation for synthesis of GeH4

Counter
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Extraction schedule and related parameters
The times of exposure are given in days of year 2019

10  targets irradiations: 
Mean exposure time - 9.18 d; 
Masses :  7.4 t and 40.09 t; 
Mean extraction eff. from Ga - 98%; 

2,5 -2,9 µmol 72Ge, 76Ge



BNO INR RAS
V.N. Gavrin

Session of the Department of Nuclear Physics, Novosibirsk, 
March 10-12, 2020

Counting parameters

Previous system  - SYS3
(14 extractions)

Additional new system  - 2Z
(6 extractions: 3,5,9)

Channel name: (3 – SYS3, Z -2Z)+num. slot (1-8); HV:1080-1150V

preliminary

preliminary

l=190mm, ø8=8mm
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On December 5, 2019, the source was sent for storage to the RIAR



The BEST stages
1. Work with the 51Cr source (stage completed on October 25):
- 10  2-zone target exposures by the source from 5 July to 23 October 2019,
- 20 extractions from 2-zone gallium targets,
- 10 calorimetric measurements to measure the source activity,
- 11 spectrometric measurements of 51Cr source gamma-ray spectrum,
- 20 syntheses and fillings of counters,
- installation of filled counters into counting systems for measurements
2. Measurements of 71Ge decay (completion of the stage – March 2020):
- primary data collection and processing,
- preliminary data analysis
- comparative crosscheck analysis of data by the BEST collaborators
3. Tests and checks (February-March 2020):
- production of 37Ar, 71Ge and 69Ge isotopes
- verification of counting systems,
- measurement of  the counters volumetric and peak efficiencies with  using of 37Ar, 
71Ge and 69Ge isotopes,
- estimation of all systematic uncertainties
4. Interpretation and presentation of results (May 2020)
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Gamma-ray spectroscopy
Measured nuclide impurities in the 51Cr source and 

their contribution to the source activity measurement 
at the reference time 14:02  on 05.07.2019

From 11 spectrometric measurements of gamma radiation of the source was obtained:
- the total amount of heat release from impurity radionuclides  is 2.9 ± 0.5 mW , 

which is ~ 4·10-6 of the initial 51Cr source power, and  can be neglected;
- confirmation of a high purity of the material used to produce the 51Cr source
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(V.V. Gorbachev, Poster session at XXXV International Conference 
on Equations on State for Matter, Elbrus, KBR, March 1-6, 2020)

Full spectrum of photons 
from the source 

Part spectrum of 
photons from the 
source (600-900 
keV)



Source power measurements with the calorimeter system. (afternoon talk Yu. Kozlova)

The source activity was measured by its heat release in the calorimetric system. 
10 measurements of the 51Cr neutrino source activity were done.
The obtained value of the neutrino source activity on 05.07.2019 at 14:02 is
3.4099 ± 0.008 МCi (total uncertainty includes the uncertainties of heat release 
(0.015%) and energy release (0.23%) added in quadrature).
(Using a conversion factor of 217.857 W/MCi 51Cr the heat power of the 51Cr source was 
742.87 W on July 5, 2019)
For the first time, an artificial neutrino source of such high intensity was produced 
and for the first time so high accuracy in measuring such high activity was achieved.
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According to the passport  from RIAR 
an estimated  source activity was 3.55 
MCi on July 2, 2019 at 09:40
(which corresponds 3.28 MCi at the 
delivered time to BNO on July 5, 2019)
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BEST (51Cr) 3.4 MCi source

The region in Δm2 - sin2(2θ) space to 
which BEST(51Cr) will be sensitive

Statistics of the experiment

> Total number of the captures in zones (outer,inner)    ~ 1870,                1790

> Total number of  71Ge pulses in zones (outer,inner) ~ 934,                 896
Production  rate from solar ν : [~0.0197 atoms 71Ge/(day – 1 tonne Ga)]

1.18 at. 71Ge in 8 tonne of Ga,
6.20 at. 71Ge in 42 tonne of Ga

> Statistical uncertainty: ±3.7% in 1 zone
> Total systematic uncertainty : ±2.6% (preliminary)

Expected ν capture rates from the source in each zone in the 
absence of oscillation for 10 exposures from 3.4 MCi source :

The region in Δm2 - sin2(2θ) space
to which BEST(51Cr) experiment 
combined with 4 Ga source experiments 
will be sensitive
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51Cr  ~3.4 MCi source,  
expected production rate 
71Ge at the start of the first 
exposure: 
70 (inner) and 73(outer) at/d



BEST (51Cr) 3.4 MCi source

The region in Δm2 - sin2(2θ) space to 
which BEST(51Cr) will be sensitive

Statistics of the experiment

> Total number of the captures in zones (outer,inner)    ~ 1870,             1790

> Total number of  71Ge pulses in zones (outer,inner) ~ 934,                896
Production  rate from solar ν : [~0.0197 atoms 71Ge/(day – 1 tonne Ga)]

1.18 at. 71Ge in 8 tonne of Ga,
6.20 at. 71Ge in 42 tonne of Ga

> Statistical uncertainty: ±3.7% in 1 zone
> Total systematic uncertainty : ±2.6% (preliminary)

Expected ν capture rates from the source in each zone in the 
absence of oscillation for 10 exposures from 3.4 MCi 
source :

The region in Δm2 - sin2(2θ) space to which 
BEST(51Cr) experiment combined with 4Ga 
source experiments will be sensitive
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51Cr  ~3.4 MCi source,  
expected production rate 
71Ge at the start of the first 
exposure: 
70 (inner) and 73(outer) 
at/d

The region in Δm2 - sin2(2θ) space to which 
BEST(51Cr) experiment combined with 
SAGE source experiments will be sensitive
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The evidence of nonstandard neutrino properties:
● there is a significant difference between the 
capture   rates in the two zones
● the average rate in both zones is considerably 
below the expected rate

Main features of the BEST 
● A Search for Electron Neutrino disappearance

via charged-current (CC) reaction only:
νe + 71Ga → 71Ge + e-

● Monochromatic spectrum of compact source –
observation of the pure sinusoid of oscillation 
transitions:

● Precisely known intensity of the source.
● Possibility to study the dependence of the rate on the 

distance  to the source.  
Average path length in each zone:  <L> = 53 & 55 cm

● Very Short Baseline.
● Almost zero background. Mainly from the Sun.
● Very well known experimental procedures developed in 

SAGE.
● Simple interpretation of results.
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Summary 
● The BEST experiment - first direct search for neutrino oscillations into 4-th flavor 
with radioactive source has started 5 July 2019  in BNO INR RAS 

● 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.

● Spectrometric measurements of gamma radiation of the source shown  a high purity 
of the material used to production the 51Cr source and therefore a negligible 
contributions (~ 10-6) from impurity radio nuclides to the  calorimetric source activity 
measurements 

● Obtained a precise value of the source activity from the calorimetric measurements 
which is 3.4099 ± 0.008 МCi on 05.07.2019 at 14:02

For the first time in the world, an artificial neutrino source of such high intensity was 
produced and for the first time so high accuracy in measuring such high activity was 
achieved.

● 51Cr results expected in  June 2020
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The authors express their sincere gratitude for the comprehensive support and fruitful cooperation 
in the implementation of the BEST experiment to:

Director General of State Atomic Energy Corporation “Rosatom” A.E. Likhachev, 

Deputy Director General for Innovation Management at “Rosatom” Yu.A. Olenin,

Director for Management of Scientific and Technical Projects and Programs N.A. Ilina,

Advisor to Deputy Director General for Innovation Management O.O. Patarakin, 

Project Manager of Division for IP Management and International Cooperation A.Yu. Zagornov, 

Director of JSC “SSC RIAR” A.A. Tuzov, 

and General Director of Electrochemical Plant JSC S.V. Filimonov.

The work was performed using the scientific equipment of UNU GGNT of shared research 
facilities BNO INR RAS with financial support of the Ministry of education and science of 
the Russian Federation: agreement № 14.619.21.0009, unique identifier of the project is 
RFMEFI61917X0009

Thanks to Rosatom
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Thank you for your attention
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BACKUP SLIEDS



Reassessment of the gallium anomaly
arXiv:1906.10980v1 26 Jun 2019

The new theoretical estimates for 51Cr and 37Ar cross sections are 6.80±0.12·1045 cm2 and 
5.67±0.10·1045 cm2 respectively which are 2.5-3.0% lower than the Bahcall predictions



“According to JUN45 shell-model calculation of the cross sections of the interaction of νe's
produced by 51Cr and 37Ar radioactive sources with 71Ga, the gallium anomaly related to the
GALLEX and SAGE experiments is weaker than that obtained in previous evaluations, 
decreasing the signicance from 3.0 to 2.3. 
Our result is compatible with the recent indication in favor of short-baseline νe disappearance due 
to small active-sterile neutrino mixing obtained from the combined analysis of the data of the 
NEOS and DANSS reactor experiments.”



There are some differ in  the presented 90%CL  Bahcall 
regions from our previous presented contur
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Reactor Antineutrino Anomaly Th. Lasserre – TAUP 2013
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