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Brief Introduction to the First Physics Results from JUNO

Nov.19, 2025

The fundamental constituents of the material world are twelve elementary fermions, including
six quarks, three charged leptons, and three neutrinos. Their basic properties and interactions
are described by the Standard Model of particle physics. Since the 1950s, research related to
the Standard Model has been recognized with 17 Nobel Prizes. However, a prominent open
question within the Standard Model is directly connected to neutrinos. Moreover, the origin of
neutrino mass is closely tied to fundamental issues in cosmology and astrophysics, such as the
matter—antimatter asymmetry of the Universe, dark matter, and the evolution of astrophysical
objects.

In many scenarios beyond the Standard Model, neutrinos are widely regarded as a key “portal”
to new physics. Unraveling the origin of neutrino masses and flavor mixing is therefore one of
the central questions for understanding the lepton sector and, ultimately, why our Universe
appears the way it does today.

Neutrino oscillations, which indirectly demonstrate that neutrinos have non-zero masses,
represent the most compelling and widely accepted experimental evidence so far for physics
beyond the Standard Model. The pattern of neutrino oscillations can be described by six
parameters: two mass-squared differences, Am?,; and Am?3,, three mixing angles, 612, 013, 023,
and one CP-violating phase, dcp. At present, the sign of Am?3, (the neutrino mass ordering) and
the value of 6cp remain unknown.

Currently, the precision of 0;, and Am?,; is mainly determined by decades of data from solar
and reactor neutrino experiments such as SNO in Canada and KamLAND in Japan. The
precision of |[Am?3,| and 0,3 is primarily constrained by accelerator and atmospheric neutrino
experiments such as NOVA in the United States and T2K in Japan. The world’s most precise
measurement of 03 is still provided by China’s Daya Bay Reactor Neutrino Experiment.

Using scientific data collected from August 26 to November 2, the Jiangmen Underground
Neutrino Observatory (JUNO) will release its first physics results: the world’s most precise
measurement of two neutrino oscillation parameters. The measurement precision of the mixing
parameter sin’0,, and the mass-squared difference Am?,; is improved by a factor of about 1.5
to 1.8 compared with the previous best results—specifically, the precision of sin?0, is
improved from 5.1% to 2.8%, and that of Am?;; from 2.5% to about 1.6%.

Such precise measurements of neutrino oscillation parameters will open the door to stringent
tests of the completeness of the three-flavor neutrino oscillation framework. With only two
months of data, JUNO is already able to reach a precision surpassing that achieved by other
international experiments with ten to twenty years of data, fully demonstrating the advanced
performance of the detector. These results will have important implications for research on the
origin of neutrino mass, the lepton flavor mixing matrix, and neutrinoless double-beta decay.

In particular, when combined with cosmological observations and beta-decay experiments,
JUNO?’s high-precision oscillation parameters will place unprecedented constraints on a wide
range of models for the origin of neutrino masses and mixing and for new physics beyond the
Standard Model, establishing JUNO as a benchmark experiment for neutrino physics and
neutrino—cosmology studies in the coming decades.



