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The new underground neutrino observatory opens a new page in
multidisciplinary neutrino research
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The completion of the Jiangmen Underground Neutrino Observatory (JUNO) construction is good
news for the entire society of neutrino physics. Data taking is started in February 2025 during the
water-filling phase, the operation with full liquid scintillator is expected in the second half of 2025.
The JUNO detector has a spherical ultra-low background 20 kt liquid scintillator target shielded from
external background by 700 m underground location and cylindrical 30 kt ultra-pure water pool play-
ing a role of active muon veto.
JUNO’s primary goal is to determine the neutrino mass ordering with an expected significance of
3–4 sigma in about six years and to measure 3 neutrino oscillation parameters to sub-percent preci-
sion. The phenomenon will be observed by resolving of the fine structure in the energy spectrum of
oscillating reactor electron antineutrinos. The spectrum is measured with the energy resolution of
3% at 1 MeV. The antineutrino flux is emitted from 8 nuclear reactors at a baseline of about 52.5 km.
To tune the reconstruction of antineutrino spectrum in JUNO, the satellite small JUNO-TAO reactor
antineutrinos spectrometer will provide the reference spectrum with extremely precise resolution
of 2% at 1MeV (1.5% statistical uncertainty).
JUNO assumes a rich program of scientific research with neutrinos from different natural sources,
such as the atmosphere, Earth, Sun and supernova explosion.
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In the 90s of the XX century, it was experimentally proved that antineutrino spectrometers based
on liquid scintillators can monitor the power of a nuclear reactor and the isotopic composition of a
burning fuel. These capabilities provide a complementary way of nuclear power plant reactor mon-
itoring with respect to the standard methods. Moreover, such capability offers a promising tool for
studying the dynamics of fuel burnout and changes in its isotopic composition in experimental in-
dustrial reactors of the 4th generation.
The Taishan Antineutrino Observatory (TAO) is a compact liquid-scintillation antineutrino spec-
trometer created as a satellite experiment of the Jiangmen Underground Neutrino Observatory
(JUNO). To tune the reconstruction of antineutrino spectrum in JUNO the TAO detector will pro-
vide the reference reactor spectrum with extremely precise resolution of 2%@1MeV (1.5% statistical
uncertainty). TAO is located at a baseline of 44 m from the reactor core of one of the twins EPR Tais-
han 4.6 GWth reactors (Taishan, Guangdong Province, China). The detector is under commissioning
now. The start of data taking is scheduled for the July 2025.
Unprecedented energy resolution of TAO-detector is expected due to over 90% of scintillation light
collection, symmetrical construction, low temperature scintillator and cooled photo sensors together
with comprehensive active and passive shielding and fast original Front-End and DAQ electronics
and software. Ten square meters of SiPM photons sensors with more than 50% photon detection effi-
ciency observe the spherical volume of cooled liquid scintillator with 4500 photoelectrons per MeV
light yield in TAO. SiPMs dark current rate is suppressed by 3 orders of magnitude due to operation
at minus 50 degrees Celsius. The detector will capture about 2000 reactor antineutrinos within the
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fiducial volume per day via Inverse Beta Decay (IBD) reaction. It is designed to be well shielded
from cosmogenic and ambient backgrounds to have the background-to-signal ratio better than 10%.
The unprecedented spectral properties allow to use the TAO detector as a unique instrument for
fundamental and applied research. The combination of most modern technologies together with big
experience from previous experiments such as Daya Bay, BOREXINO, iDREAM used in TAO opens
the new generation of liquid organic scintillation detectors.
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The current status of the neutrino oscillations will be revived in the talk. An emphasis will be
put on a search for CP violation in the leptonic sector of the Standard Model and measurements
of the CP violating phase \delta_CP. The results obtained with accelerator neutrinos in the long
baseline experiments T2K and NOvA, as well as measurements with atmospheric neutrinos in the
SuperKamiokande experiment will be presented. The recent progress in the study of the neutrino
mass ordering will be discussed. Further perspectives of the current oscillation experiments will be
briefly outlined. The next generation neutrino experiments HyperKamiokande and DUNE have a
very extensive scientific program with the main goal of discovering of CP violation and measuring
of \delta_CP. Both experiments can also determine the neutrino mass ordering. The current status,
progress, and prospects in construction and commissioning of HyperKamiokande and DUNE with
neutrino beams will be presented.
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Результаты последних наиболее точных экспериментальных данных распада нейтрона,
проведённые на уровне точности 10−3 не могут быть описаны в рамках СМ (отклонение
выходит за пределы 3-х стандартных отклонений). Прецизионные измерения
сверхразрешённых 0+- 0+ ядерных переходов, позволяющие определить матричный
элемент Vud указывают на расхождение с унитарностью в матрице СКМ (расхождение на
уровне 2.4 стандартных отклонений). Вместе с тем, экспериментальные данные успешно
описываются в рамках лево-правой модели и указывают на существование смешанного
состояния WR и WL c параметрами δ=(M1/M2)2=0.070±0.010 и углом смешивания ζ
= -0.039±0.014. Более детальный анализ лево-правой модели с включением в неё СР-
нарушения позволяет описать в пределах имеющейся точности эффекты СР-нарушения
в нейтральных К-мезонах и D-мезонах, используя параметры, которые извлечены
из нейтронного распада. Оказалось, что знаки барионной и лептонной СР-нарушающей
асимметрии разные, что, по-видимому, связано с разными знаками барионной и лептонной
асимметрией Вселенной.

Page 15


