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B Construction work on the experiment station is planned to be completed in 2017, the detector will be completely installed in 2019, and i = 'V;ijc HRIHA 8 TERMBKA ™AL S EXN #7R B, LT REERSFAELSR
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B The Jiangmen Underground Neutrino Observatory (JUNO) is a large-scale fundamental scientific research project led by China with the

/ participation of various countries. JUNO consists of more than 300 scientists from 45 institutions in 8 countries and regions. The International
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Civil Construction of the Experiment Station
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3D layout of JUNO underground construction

B The experimental hall will be built 729 meters underground to reduce cosmic rays. The construction of the experiment station consists of two
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parts: above-ground and underground. The underground structure includes an inclined shaft (1341 meters), a vertical shaft (616 meters), an ‘f m 'ﬁ % Tf{,?} % % ;f Zﬁ% ﬁ'{ o q“ﬁﬁ¥*3¢3—§?i%1%§ i?g{fjf; L_mfth%(f
experiment hall (50 meters in span and 70 meters in height) and auxiliary chambers. The ground structures mainly include an assembly hall, a hoist Institute of High Energy Physics,Chinese Academy of Sciences i 3

room, a ground power center, air conditioner rooms, nitrogen and purified water rooms, office buildings and so on. M. AETFESLREREKIEZ

B A consortium consisting of three companies, Yellow River Engineering Consulting Co., Ltd (YREC), Sinohydro Engineering Bureau 6 Co., g{@ 2)(1)80—‘:3%235008

Ltd and Henan Jinyuan Construction Co., Ltd, has been contracted for the construction. The construction project is expected to be completed in 3 f£E. 010-88233105
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What is the Neutrino?
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B Twelve types of elementary particles, of which three are neutrinos, constitute the
building blocks of the matter world.

B Based on particle physics experiments, it has been found that matter consists of twelve elementary particles, including six types of quark
(u, d, ¢, s, t, b), three types of charged lepton (electron, muon, tau), and three types of neutrino (electron neutrino, muon neutrino and tau
neutrino).

B The neutrino is denoted by the Greek letter v (nu). It has no electrical charge and very little mass (less than one millionth of the mass of an
electron), and moves at a speed nearly equal to that of light. Since neutrinos have very little interaction with matter, a typical neutrino passes
through normal matter unimpeded. When penetrating the earth, given the thickness of the earth’s diameter, only one out of every ten billion
neutrinos interacts with matter, which makes the detection of neutrinos very difficult. Among all the elementary particles, the neutrino is the least
known. However, neutrinos are generated in many particle physics and nuclear physics processes, such as in nuclear power generation (nuclear
fission), the glowing of the sun (nuclear fusion), natural radioactivity (beta decay), supernova explosions and cosmic rays, etc. The universe has
large quantities of neutrinos, most of which are left over from the Big Bang, with about 300 in every cubic centimetre.

B In 1998, the Super-Kamiokande experiment discovered the oscillation of neutrinos, namely the conversion of one type of neutrino into
another type, which is also called the mixing of neutrinos. The mixing parameter describes the rule of transformation. The oscillation of the
neutrinos implies that neutrino has a tiny mass. This result had a huge impact on particle physics, astrophysics and cosmology. Many other
experiments, e.g. SNO and KamLAND, confirmed the phenomenon of neutrino oscillation. The Daya Bay Experiment has significant contribu-
tions in this field with the discovery of the third type of neutrino oscillation mode. It was selected as one of the top ten scientific breakthroughs
of the year 2012 by Science magazine, as it opens a door to understand why matter dominates over antimatter in the universe.

B Numerous mysteries of neutrinos are still unsolved, including the origin and the size of their masses, the mass hierarchy, and the CP
violation. Meanwhile, studies of neutrinos go far beyond the field of particle physics: astrophysics, cosmology, and earth science are also
involved.

¥ o3 1

I RMHEEBEHNXR
o il

:"' .DYB JUNO
T =ty - 1| REERRT RS

H
W
i
|

MiingMexy
&

Relationship between

\ ) e
Chone # KanLAND ) neutrino oscillation and

ok " i i i distance to the reactor
" w ow ow
Diasrye 1 Reactor (m)

£
'
WOR®XOHE
|

D MK R FSE8G 2511 RRIFSEIE From Daya Bay to Jiangmen
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B After successfully discovering the third type of neutrino oscillation by the Daya Bay Neutrino Experiment, the next focus is the measure-
ment of the neutrino mass hierarchy. The sensitivity analysis shows that the ideal location of the experiment station is in an area 50 to 55
kilometers in distance from the reactor. Through detailed geological inspection, the experiment site was chosen in Kaiping, Jiangmen City,
Guangdong Province, about 53 kilometers from the nuclear reactors at Yangjiang and Taishan Nuclear Power Plants.

B At the beginning of 2013, the CAS approved the project as a Strategic Priority Research Program (A), which officially started the
Jiangmen Underground Neutrino Observatory, JUNO.
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B The primary goal of the Jiangmen Neutrino Experiment is to utilize the oscillation of reactor neutrinos to detect the mass hierarchy of
neutrinos, as well as to accurately measure 3 of the 6 neutrino oscillation parameters to better than 1% precision, and to perform world-leading
studies on supernova neutrinos, geo-neutrinos, solar neutrinos, atmospheric neutrinos, sterile neutrinos and so on.
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B The Neutrino Mass Hierarchy has a crucial role in the evolution of the universe, the generation and propagation of solar and supernova
neutrinos, the oscillation of long baseline neutrinos and other aspects of theoretical and experimental particle physics. Precise measurements
of the neutrino mixing parameters will make it possible to inspect the unitarity of the neutrino mixing matrix, may lead to new physics, and
will be of great significance to the future study of neutrino physics.Neutrinos are a probe for the study of celestial bodies and the earth’s
interior, and as such will exert a pivotal role in the inspection of the mechanism of supernova explosions, verification of geophysical models
and solar physics.
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B Yangjiang nuclear power plant consists of 6 reactors, of which 1 is under commercial operation and 5 are under construction, with total
thermal power of 17.4 GW. Taishan nuclear power plant includes 4 reactors, of which 2 are under construction, with total thermal power of
18.4 GW. Up to 2020, the effective power of these reactors should rank first in the world. The more powerful the reactors get, the larger the
number of neutrinos which will be released, and therefore the higher the accuracy of the experiment will get. Under such circumstances, the
Jiangmen Underground Neutrino Observatory is by far the most favorable location worldwide to utilize nuclear reactors to detect the mass
ordering of neutrinos.
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Experiment layout
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B According to the experiment plan, a 20,000 ton spherical, low-background, high-transparency liquid scintillator detector is to be built,
named the central detector. The central detector is to be placed in a cylindrical water pool (filled with 20,000 tons of ultra-pure water), which
also serves as Cerenkov detector and shield.

B A cosmic muon tracker is to be installed on the top of the water pool, with an area of 5,600 square meters.
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The central detector
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B The interior of the central detector is to be filled with 20,000 tons of

liquid scintillator, and 18,000 20-inch high quantum efficiency photomul-
tipliers will then be placed to detect the flashes generated by neutrinos.

m  The volume of liquid scintillator in this detector is 20 times larger
than the previous world’ s largest, with the photoelectric yield multiplied
by 250% and the energy resolution reaching an unprecedented 3%.
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Cerenkov detector and Top Muon Tracker
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B The Cerenkov detector has two main functions. On the one hand, it can detect cosmic rays. Because cosmic rays can excite Cerenkov
light when passing through the water pool, the photomultipliers, around the pool, can be used to detect the Cerenkov light and to eliminate
the cosmogenic backgrounds. On the other hand, it can be used as a shielding layer to protect the central detector from a large number of
natural radioactivity of the rocks and secondary particles from the surrounding rocks produced by high-energy cosmic rays. The Top Muon
Tracker is placed above the top of the water pool in order to determine the tracks of cosmic rays.
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