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Figure 1 Nuclide chart and the processes producing the elements in the universe
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Figure 2 The structure of the AGB star
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Figure 3 Abundances of the nuclides with even or odd mass numbers (4) versus 4 in the solar system. The abundances are normalized to the value of

silicon element
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Figure 4 Schematic diagram of the evolution of the structure of a low- or intermediate-mass (M <<9M,) AGB star
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Figure 6 The cross section data from the direct measurement of the “Ne(a, n)stg reaction
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TWEYITE T LUNARI T4 HRILUNA-MVATE 45 2 ),
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i 5T 528628 (China Jinping Underground Laboratory,
CJPL). CIPLI T AR L K F Gran Sassol i 5E
W AR EG(ERY), SRR T A R AA SO 1Y)
Wi, JUNARIBAF I %) T3 FECR(electron  cyclo-
tron resonance) -5 Fl S T 5 A0 9 LA R b

o, B A ERER T PBGO(BI,Ge;0,,) FlH FHE
RS, TEIR AR AR A JEE PR B o X 2 T2 R R LG
iR N AT SE R

H20204F 12 H IR LK, JUNAD S 45
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JUNARYEE — B Besz e il T-20234EFF 2, Ne
(a, n) Mg A ISR A I BE R T A Se e, T bR A
PRI He™ B8 7 s A A RS BRI X 55 7 1 P **Ne
(a, n) MgJs IV BRI HEAT B R, R ] REAELE RO
£1 EAFAGran SassoElREBE. FEBFHTERER
T A K T H A

Table 1 Comparison between backgrounds in Italian Gran Sasso
National Laboratory, in CJPL and on the Earth surface”™* "

HRCHZRE)  FBOKER ?ﬁiéﬂégﬂ‘i@%

(m) (m) (em™”s™)

HiiAl ~0 ~0 2x107

& KF|Gran Sasso 1400 3780 3x10°*
HECIPL 2400 6720 2x107"°
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Ne(a, n)"Mg: The key neutron source in massive stars
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The origin of heavy elements from iron to uranium in the universe is an important frontier direction for nuclear
astrophysics. It is considered to be one of the 11 greatest unanswered questions of physics in this century. The neutron
capture reaction can overcome the Coulomb barrier and is the key way to generate heavy elements in the universe. The
average life of free neutrons is only about 15 min. Therefore, the neutron source is a hot topic for understanding the origin
of heavy elements. There are two main neutron sources in the s-process nucleosynthesis, one is the 13C(()L, n)lGO reaction,
the other is the 22Ne((x, n)ZSMg reaction. The 13C(0t, n)l60 reaction mainly provides neutrons for the s-process
nucleosynthesis of small or medium mass stars, and affects the nucleosynthesis of nuclides with the mass numbers from 90
to 209; while the 22Ne(ot, n)ZSMg reaction mainly provides neutrons for the s-process nucleosynthesis of massive stars and
affects the nucleosynthesis of nuclides with the mass number less than 90. The 22Ne(oz, n)zSMg reaction takes place in the
core helium burning phase and the subsequent shell carbon burning phase of massive stars. Due to the difficulty of
experiment measurement, the data of the 22Ne((x, n)ZSMg reaction rate is still lacking, which leads to the problem of
understanding effective neutron supply in the nucleosynthesis of the heavy elements in massive stars.

Limited by cosmic ray backgrounds, a large number of key reactions in hydrostatic nuclear burning phases cannot be
accurately measured. Therefore, direct measurement of these reactions has gradually moved from the earth-surface to
underground laboratories. The Laboratory for Underground Nuclear Astrophysics (LUNA) experimental platform in Italy
is a mature underground nuclear astrophysics laboratory in the world. Since the 1990s, direct measurement of many nuclear
reactions has been carried out. Jinping Underground Nuclear Astrophysics Laboratory (JUNA) is a new experimental
platform. JUNA is located in the world’s deepest underground laboratory—China JinPing Underground Laboratory
(CJPL). JUNA team has successfully developed a 10 mA low-energy accelerator and experimental terminal, which aims to
conduct experimental research on a number of key nuclear reactions in hydrostatic hydrogen and helium burnings of stars
in an underground environment with very low background. Since its operation in the underground laboratory at the end of
2020, JUNA has completed the first phase of experimental tasks and successfully studied several key nuclear reactions
including the neutron source reaction 13C(0t, n)lGO.

In this paper, we review the motivation of the key neutron source 22Ne(cx, n)stg in the origin of heavy elements and in
the massive stars, the latest research progress of this neutron source and future research plan, especially the underground
direct measurement experimental plan. As the key neutron source reaction of the s-process, the 22Ne(a, n)zSMg reaction is
of great significance for understanding the origin of heavy elements in the universe. As the first experiment in the second
phase of JUNA, the 22Ne(a, n)ZSMg reaction is expected to achieve world-class research results and provides the crucial
nuclear input for understanding the nucleosynthesis in weak s-process.

nuclear astrophysics, origin of the elements heavier than iron, s-process, neutron source, underground experiment
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