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Progress of Jinping underground nuclear astrophysics experiment 
JUNA 

Thanks NSFC, Yalong power, THU, CAS and CNNC

Weiping Liu，柳卫平 
JUNA chief scientist 

CIAE/SUSTech，原⼦能院/南⽅科⼤ 
国际深地物理前沿问题研讨会/CJPL IAC meeting 

International symposium on underground frontier physics 
October 28-November 2, 2023 

CJPL 2023, Chengdu
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What we can understand by nuclear astrophysics
·NP, microscopic, 10-15 m, —>observation, cosmic, 1014 m, truly 
interdisciplinary 

·For energy production and element synthesis in star

exp. the. ast. obs.

input

sim.

abnobs.



State of nuclei, fate of star

from “Claudon in the universe”
16O

4He 8Be

12C

0+7.65

2-8.87

1-7.12

0+
αα

α

1954, Hoyle state, large 
amount of Carbon

Adequate amount: for 
sun burn long, for 

human live 

3α reaction

12C(α, γ)16O Holy grail reaction

Fred Hoyle (1915-2001)

William A. Fowler (1911–1995)
Rev.Mod.Phys. 56 (1984) 149-179

bridge

regulator
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NA facilities in China

4

Lanzhou 
CSR 
mass, decay

Beijing 
BRIF 
reaction

LAMOST 
observation

锦屏⼭

锦屏深地实验室 交通洞

雅砻江

Jinping 
JUNA 
direct exp. 

LAMOST 
observation

FAST 
observation



Joint efforts for database

Direct in Gamow window 
(underground)

Direct in higher energy

In-direct measurements

Nuclear decay

Nuclear mass

Shell model and mean field 
calculation Reaction rate database

Shell model and mean field 
calculation Mass and decay rate database

Nuclear input database

Nuclear astrophysics and sensitivity 
study

LUNA, CASPAR, JUNA…

TRIUMF, NSCL,…

CIAE, TAMU, CNS…

RIBF, CSR, NSCL…

CSR, GSI, TRIUMF…

RECLIB…

AME…

Reaction



Why underground
σ(E) = S(E)e−2πη 1

E

η = 0.1575Z1Z2 M/E

E0 = 1.22(Z2
1 Z2

2 MT2
6)1/3keV Gamow window

astrophysical s factor

coulomb term

George Gamow

50-500 KeV



10 m
A How underground
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Det.
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Bkg.

Det.

Det.

Det.

shield

WPL et al., Sci. China 59(2016)2

ground

CJPL

25Mg(p, γ)26Al



JUNALUNA and CASPAR Achievements

14N(p,γ)15O

3He(3He,2p)4He

F. Cavanna et al., PRL 115(2015)252501, .  
F. Ciani et al. PRL 127(2021)152701,  
V. Mossa et al., Nature 587(2020)210 ,  
A. C. Dombos et al., PRL 128(2022)162701, 

22Ne(p, γ)23Na
13C(α, n)16O

D(p, γ)3He
18O(α, γ)22NeCASPAR

LUNA

A. Caciolli  
Sept. 18, 13:30



Uncertainty still remained for key reactions
Physics Reaction Current Desired 

Massive star 12C(α,γ)16O 60%
890 keV

20%
220-380 keV

s-process 
neutron 
source

13C(α,n)16O 60%
230 keV

10%
140-230 keV

Galaxy 26Al 
source

25Mg(p,γ)26Al 20%
92 keV

5%
50-300 keV

F, Ca 
aboundace

19F(p,α)16O
19F(p,γ)20Ne

80 %
189 keV
upper limit
240keV

5 %
50-250 keV
5 %
200 keV

WPL et al., Sci. China 59(2016)2

R. J. deBoer 
et al., RMP 

vol. 89, 2017

Y. P. Shen, B. 
Guo, WPL, PPNP 
119(2021)103857

G. F. Ciani et al. 
PRL 

127(2021)152701

J. J. He et al., Sci. 
China Phys 59
（2016）652001 
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A1 túnel for JUNA in CJPL
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锦屏⼭

锦屏深地实验室 交通洞

雅砻江

neutrino

double 
beta decay

double 
beta decay

CDEX dark matter

PandaX dark matter
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JUNA team
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PI

Xiaodong Tang 
13C(α,n)16O 

Ion source IMP

Zhihong Li 
25Mg(p,γ)26Al 

CIAE

Jianjun He 
19F(p,α)16O 
BNU

Gang Lian
Lab. exp. sup.
CIAE

Weiping Liu, CIAE/
SUSTech 

12C(α,γ)16O

Group leader

Supported by the National Natural Science Foundation of China, Grant No. 11490560, 2015 

Bao 
Quncui,CIAE 

Liangting 
Sun, IMP 

Ion source 
and acc. 

Yangping Shen, CIAE 
Jun Su, BNU 

Bing Guo 
22Ne( ,n)25Mg 

CIAE
α

Shuo Wang 
14N(p, )15O 

SDU
γ

Acc. operation
Long Zhang

Site support
Xiaopan Cheng

A1 
construc
tion
Hongwei 
Yang

Acc. installation
Arjun Li

Jun Su, BNU 

WPL et al., Sci. China 59(2016)2



JUNA funding

Lab CJPL II（CNNC, Tsinghua，NSFC $3+M）

Ion source (CAS $0.65M), accelerator (CNNC 
$1.6M)

Electronics, shielding (NSFC $1.0M）

Detectors（NSFC $1.3M）

total $8+ M

NSFC $2.9+M CAS $0.65M CNNC $1.6 M

Yalong river/CJPL-II／Tsinghua  ～$3+M

Need to apply for JUNA II and welcome international contribution
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JUNA Milestone
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Aug. 2013 
Kickoff 
meeting

Jan. 2015 
Project 

inauguration

May 2017 
1st Beam on 

ground

Mar. 2016 
On site start

Dec. 2017 
3 mA on ground

April 2019 
Target & Acc. Ready 

25Mg, 19F run 0 
finished, 1000 hr

Dec. 2020 
1st Beam 

underground

May 2021 
25Mg, 19F,13C and 

12C run 1 finished  
2500 hr

Mar. 2023 
1 Nature, 1 Sci. 
Bul., 3 PRL JUNA 

papers

Dec. 2018 
Det. Ready 

Beam 10 mA

WPL et al., Sci. China 59(2016)2
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Ultra-low background in 400 kV machine

离⼦源 Ion source

• high excitation
• He2+ source

加速段 Accelarator tube

• low bkg. material
• h i g h t r a n s m i s s i o n
（>90%）

传输段 Beam transmission

• Mag. ana.：get rid of d 
etc.

实验终端 Experimental terminals 

• Pb, Cu complex shielding

• high purity（99.99%）

• radiation hard target (x100 c)

• coin. by hit no.

PI: G. Lian, CIAE
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JUNA performance 

15

cosmic 
µ bkg 

( cm-2 s-1 )

beam energy（keV） Max. beam intensity（emA）

energy stability

H+ He+ He2+ H+ He+ He2+

JUNA 2×10-10 50-400 50-400 100-800 2-10 2-10 1-2 0.04%

JUNA

ECR Ion source

Accele
ration 
tube Beam analyze

Detector
HV platform

WPL et al., Sci. China 59(2016)2
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JUNA
Detector tech.

核反应 
reaction

采⽤技术 
technology

发表⽂章 
publication

国外记录 
world best

我们达到 
JUNA

12C BGO+LaBr down to 891 
keV

down to 552 keV

25Mg BGO array 
X8

Atomic ST
52(2018)140

resolution17 
%

11 %

13C 3He array
X24

NST33(2022) 41, 
cover story

Exptripolation Self consisitent

19F Charged particle 
array

170 keV down to 100 keV
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19F(p,g)20Ne： confirm CNO break，explain Ca in oldest star

17

NASA and Ann Feild 

S.C. Keller et al., Nature 506 (2014) 463JWST mission, NASA

SMSS 0313-6708：lots of Ca, but no Fe? Solution: 19F(p,g)20Ne rate one order large?

no 
Fe

lots 
Ca
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Experiment setup

18

2 mA proton and 19F target 

with high durability target 
(200C)

BGO array with high 
efficiency (60%) and 
resolution (11%)

new resonance ！

PI: J. J. He, BNU
with L. Y. Zhang, BNU
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19F(p, )20Ne implications 𝛾

19

5-7 times increase！

explain Ca abn in oldest star！

L. Y. Zhang, J. J. He*, …, WPL*, Nature 610(2022)656



19F(p,α )16O for F over abundance γ
19F+p

⏟E cal.

40K 208Tl

• 19F implantation+ Cr coding，long durability with 2 mA 

• L.Y. Zhang, Y.J. Chen, J.J. He* et al., Nucl. Instr. Meth. B 496(2021)9

L.Y. Zhang, J. Su, J. J. He*, …, WPL*, 19F(p,αγ)16O, PRL 127(2021)152702. editor suggestions



19F(p,αγ)16O reaches Gamow window

JUNA2021

L.Y. Zhang, J. Su, J. J. He*, …, WPL*, 19F(p,αγ)16O, PRL 127(2021)152702. editor suggestions



25Mg(p,γ)26Al situaction

Z. H. Li et al., Sci. China Phys 58. 082002(2015), J. Su et al., Science Bulletin, 67(2022)2（封⾯⽂章）

PI: Z. H. Li, CIAE

Exp.: Jan. 1-15, 2021
J. Su, CIAE/BNU



JUNA experiment

本实验

15days(S+N)，1008 C 
signal：1225
strength：3.8±0.4×10-10 eV

25Mg(p,γ)26Al

J. Su, Z. H. Li*,.…, WPL*, Science Bulletin, 67(2022)2, cover paper



JUNA result

JUNA underground JUNA ground

BRIF in-direct

J. Su, Z. H. Li*,.…, WPL*, Science Bulletin, 67(2022)2,cover paper

IF>20



13C(a,n)16O neutron source reaction

 B. Gao, …, Y. D. Tang*,…, WPL*, 13C(α,n)16O, PRL 129(2022)132701

PI: X. D. Tang, IMP
Exp.: Jan. 27-Feb. 16, 2021

B. Gao, IMP



13C(α,n)16O neutron dection

Fast n: 1X Liq. Scint. 
Slow n: 24X 3He tubes

 B. Gao, …, Y. D. Tang*,…, WPL*, 13C(α,n)16O, PRL 129(2022)132701



13C(α,n)16O results

 B. Gao, …, Y. D. Tang*,…, WPL*, 13C(α,n)16O, PRL 129(2022)132701

• mA thick target, 
differential method to 
pin down thickness 

• magnetic removal of 
He2+，cover 0.4 MeV 
to 0.8 MeV (JUNA)，
cover i-process; to 1.2 
MeV tandem, 
calibration of eff. , 
cross check other 
date 

• n background 5/
hour，2.5 MeV eff. 
25%, good S/N

JUNA2021 SCU2022



Resolve conflict in30 years research

CIAE 
indirect

JUNA 
direct

 B. Gao, …, Y. D. Tang*,…, WPL*, 13C(α,n)16O, PRL 129(2022)132701  
B. Guo*, Z. H. Li,…, WPL*, Astrophys. J. 756(2012)193. 



New result from JUNA 18O(a, )22Ne：  trace back 
AGB mass via SiC radius

𝛾

JUNA results with previous values 
reported by NACRE and Iliadis

Ne isotope ratios in AGB models (filled symbols) using the JUNA rates 
and meteoritic stardust SiC grains of different sizes from Lewis et al.

(open symbols). The top- left inset shows the 21Ne/22Ne ratios 
calculated with different reaction rates. 

Thick target yield curve of the 470 keV 
resonance.

L. H. Wang, J. Su*, …, WPL*, PRL 130(2023)092701

J. Su, BNU



Big question, big impact, big challenge 圣杯

Buchmann (1996)

• All M > 0.55 M⊙ massive star,  mid mass 
up to Fe: Holy grail !

• Gamow window Ec.m.=300 keV, extremely 
low cross section 10-17 barn

• Model need 10% precision, now only 
60% or poor

R. J. deBoer et al., RMP vol. 89, 2017

B. Guo, Z. H. Li, …, WPL,, APJ 756, 193 (2012) 
Y. P. Shen, B. Guo, …, WPL, PRL 124, 162701(2020)

PI: WPL/Y. P. Shen, CIAE
Exp.: Feb. 26-Apr. 18, 2021



12C(α,γ)16O ：more sensitivity

Collimators

4He2+ Beam

Liquid-Nitrogen
Cryotrap

−300 V

Target

Cu (5 mm)
Pb (100 mm)
Cd (1 mm)

LaBr3

BGO

• FCVA implantation CTi thick targets
• durability >280 C @800 keV He2+, with only 25% loss
• BGO+LaBr3 (Lanthanum bromide) veto
• wide energy search for best S/N, 552 keV is best, other suffer from   contaminations
• sensitivity of 10-12 b @Ec.m. = 552 keV

18O(α, γ)22Ne



612 keV, 200 C582 keV, 417 C552 keV, 126 C

552

12C(α,γ)16O ：preliminary resultss
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Recent development in underground  nuclear astrophysics

2020 2021 2022
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LWPL* et al., Sci. China 59(2016)2 
J. Su, Z. H. Li*,.…, WPL*, Sci. Bull., 67(2022)2 

L.Y. Zhang, J. Su, J. J. He*, …, WPL*, PRL 127(2021)152702 
B. Gao, …, Y. D. Tang*,…, WPL*, PRL 129(2022)132701 
L. Y. Zhang, J. J. He*, …, WPL*, Nature 610(2022)656 
L. H. Wang, J. Su*, …, WPL*, PRL 130(2023)092701

F. Cavanna et al., PRL 115(2015)252501 
G. F. Ciani et al. PRL 127(2021)152701 
V. Mossa et al., Nature 587(2020)210  

A. C. Dombos et al., PRL 128(2022)162701
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JUNA
Super JUNA

400 kV

800 kV

展望未来，不断探索新方向
打造超级JUNA，建设国际最强深地核天体物理装置，冲击核天体领域最前沿课题

p各项关键指标达到国际领先水平（800 kV开放平台，20 mA强流，超灵敏探测技术）

p完整覆盖恒星氦燃烧过程中关键反应，首次进入圣杯反应伽莫夫窗口

p掌握800 kV强流高压开放平台技术，助力核技术向应用突破

JUNA和Super-JUNA Super-JUNA覆盖关键物理目标



JUNA and Super JUNA coverage
H burning
7Be(p,γ)8B 

12C(p,γ)13N 

14N(p,γ)15O 

15N(p,γ),(p,α)16O,12C  

17O(p,γ),(p,α)18F,14N 

18O(p,γ),(p,α)19F,15N 

19F(p,α)16O

He burning
12C(α,γ)16O
16O(α,γ)20Ne 

20Ne(α,γ)24Mg 

18O(α,γ)22Ne 

22Ne(α,γ)26Mg 

24Mg(α,γ)28Si

C\O burning
12C+12C 

12C+16O 

16O+16O

γ astronomy

25Mg(p,γ)26Al 

26Al(p,γ)27Si 

N source
13C(α,n)16O 

22Ne(α,n)25Mg 

25Mg(α,n)28Si 

26Mg(α,n)29Si

JUNA achieved

JUNA and Super JUNA proposed3He(α,γ)7Be 



JUNA Run-2 exp：2024.4-2025.12
• JUNA Run-1 to lower energy

• 12C(a,g)16O， to 400 keV

• 13C(a,n)16O，fully cover s-process

• 19F(p,g)20Ne，cover 80-150 keV

• 14N(p,g)16O, 

• Using gas target

• 22Ne(a,n)25Mg, weak s-process neutron source

• 3He(a,g)7Be, solar neutrino, Li problem，80-380 keV

• Other reactions

• 17O(p,a)14N，17O over aboundacne

• 17O(p,g)18F，H ratio，65 keV resonance

• 26Al(p,g)27Si，using BRIF ISOL for 26Al implantation

• 10B(a,n)13N, new resonance

• 17O(a,n)20Ne

34



2024-2030 JUNA and Super-JUNA
JUNA Super-JUNA JUNA Exp. Super-JUNA 

Exp.
2024 Test run

Run 2 exp. R&D
(p,g)

2025 Run Ground test and 
fabrication

 (a,n) and (a,g) 
gas target

2026 Run Setup and test cont. 

2027 Upgrade
Run 3 exp. 

Test run
Run 4 exp. 

Test run (p,g) test

2028 Run Run cont. (a,g), (a,n) Exp.

2029 Run Run cont. (a,g), (a,n) Exp.

2030 Run Run cont. (a,g), (a,n) Exp.



Detailed schedule 2022-2023

CDR
TDR

Counting room

Acc E+
Install

Detector
Gas target
Beam line



• Calculation of radiation 
capture reaction in 
Gamow window 

• High density radiation 
hard target 

• High resolution and 
efficiency neutron and 
gamma detector 

• Numerical simulation of 
element abundance 

• More stable operation of 
acc. and det. for user

Many rooms of collaboration

CJPL-II A1 for JUNA: June 28, 2023

CJPL-II A1 for JUNA: Sept 9, 2023
Ground base in CJPL for 

storage of acc. parts



• JUNA is becoming an advanced deep astrophysics platform. China, follow Italy 
and United States, to be third to carry out direct measurement of deep core 
astrophysical reactions 

• Accurately measured key nuclear astrophysical reactions. Compared with 
previous experiment, beam intensity is higher, detector efficiency, target 
exposure, sensitivity and energy coverage are greatly improved 

• Gamma-ray astronomical reaction has reached the highest precision, and the 
astrophysical holy grail reaction has achieved the highest sensitivity, new 
resonances revealing the origin of heavy element abundance in the oldest 
stars, and the discrepancies of neutron source reactions was resolved 

• Welcome to join JUNA collaboration and submit your proposals deep 
underground!

JUNA summary
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JUNA Team

41

国际咨询委员会（IAC） 
M. Wischer （圣⺟⼤学，委员会主席） 
本林 透 （⽇本理化学研究所） 
王⼦敬 （台北中央研究院） 
C. Brune （俄亥俄州⽴⼤学） 
M. Junker （意⼤利国家核物理研究院） 

D. Robertson （圣⺟⼤学） 
F. Strieder （南达科达矿业理⼯学院） 
D. Leitner （加州⼤学伯克利分校） 
岳骞 （清华⼤学）

特别致谢 
雅砻江流域⽔电开发有限公司，锦屏⽔⼒发电⼚、锦屏地下实验室管理局，清华

⼤学，上海交通⼤学

• 中国原⼦能科学研究院：柳卫平，李志宏，连钢，崔保群，郭冰，陈⽴华，颜胜权，李云
居，张⻰，曹富强，廖俊辉，曾晟，谌阳平，张昊，陈晨，南巍，南威克，李歌星 

• 近代物理研究所：唐晓东，孙良亭，武启，张宁涛，⾼丙⽔，陈涵，焦韬瑜 
• 北京师范⼤学：何建军，苏俊，张⽴勇，李鑫悦，陈银吉，盛耀德，王泺欢 
• 四川⼤学：安⽵，⻩宁，罗⼩兵，王鹏 
• ⼭东⼤学：王硕 
• 深圳⼤学：李⼆涛，⽢林 
• 中⼭⼤学：⽅晓，安振东

• 澳⼤利亚莫纳什⼤学：Alexander Heger 
• ⽇本⼤阪⼤学: ⾕畑 勇夫 
• ⽇本理化学研究所：久保野 茂 
• 匈⽛利科学院：Maria Lugaro 
• 美国南达科他⼤学: 梅东明 
• 美国明尼苏达⼤学：钱永中 
• 美国圣⺟⼤学：谭万鹏

Weiping Liu1, Zhihong Li1, Jianjun He2, Xiaodong Tang2, Gang Lian1, Zhu An4, 
Qinghao Chen3, Xiongjun Chen1, Yangping Chen1, Zhijun Chen2, Baoqun Cui1, 

Xianchao Du1, Changbo Fu5, Lin Gan1, Bing Guo1, Guozhu He1, Alexander Heger6, 
Suqing Hou2, Hanxiong Huang1, Ning Huang4, Baolu Jia2, Liyang Jiang1, Shigeru 

Kubono7, Jianmin Li3, Kuoang Li2, Tao Li2, Yunju Li1, Maria Lugaro8, Xiaobing Luo4, 
Shaobo Ma2, Dongming Mei9, Yongzhong Qian10, Jiuchang Qin1, Jie Ren1, Jun Su1, 

Liangting Sun2, Wanpeng Tan11, Isao Tanihata12, Peng Wang4, Shuo Wang13, Youbao 
Wang1, Qi Wu2, Shiwei Xu2, Shengquan Yan1, Litao Yang3, Xiangqing Yu2, Qian Yue3, 

Sheng Zeng1, Huanyu Zhang1, Hui Zhang3, Liyong Zhang2, Ningtao Zhang2, Qiwei 
Zhang1, Tao Zhang5, Xiaopeng Zhang5, Xuezhen Zhang2, Zimin Zhang2, Wei Zhao3, 

Zuo Zhao1, Chao Zhou1 

1China Institute of Atomic Energy, Beijing, China， 

 2Institute of Modern Physics, Lanzhou, China 
3Tsinghua University, Beijing, China， 

4Sichuan University, Chengdu, China 

5Shanghai Jiaotong University, Shanghai, China， 

 6Monash University, Melbourne, Victoria, Australia, 
7RIKEN, Institute of Physical and Chemical Research, Wako, Japan， 

 8Konkoly Observatory of the Hungarian Academy of Sciences, Hungary，  
9South Dakota State University, Brookings, South Dakota, US 

10Minnesota University, Minneapolis and Saint Paul, Minnesota, US，  
11University of Notre Dame, Notre Dame, Indiana, US， 

 12Osaka University, Suita, Osaka, Japan 
13Shangdong University, Beihai , China

JUNA @CIAE 2019

JUNA IAC by M. Wiescher
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Thank you for your attention, welcome to 
collaborate with JUNA ！



Welcome to OMEG 2024, September in Chengdu!

43

• To have OMEG in person in China, fill the regret of online NIC 

• In the location of rich culture and science, i. e., tour to CJPL/ 

• Option to have another summer school like here to find chance for foreign 
students to visit China 

• Detail to be fixed, and suggestions are highly welcome!


