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What	will	be	talk

• Nuclear	astrophysics	now	in	China	
• RI	facilities	in	Beijing	
• Underground	JUNA	project
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NA framework
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Role of Nuclear Science in Studies of the Stars

Thermonuclear 
Reaction 
Rates

Astrophysical
Observations

Astrophysical
Observations

Repeat to 
improve 
models

Astrophysics
Computer
Simulation

Predictions

Goal: make simulation 
accurately represent
working of stars

From	Michael	Smith
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Methodology
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Direct	in	Gamow	
window	(under	

Direct	in	higher	energy

In-direct	
measurements

Nuclear	decay	data

Nuclear	mass	data

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
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World wide map
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From	Michael	Wiescher
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2015

Milestones of NA in China
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2014

13C(α, n)16O

20122010200519961993

1993, first RI 
beam line in 
China

7Be(p, γ)8B
1996,  
7Be(p, γ)8B 
in-direct  in 
PRL

2005, in-direct 
extended to 
8Li(n,γ)9Li

2011, NSFC 
group fund for 
NA

2012, 
 13C(α, n)16O 
in-direct in 
APJ

2013, direct  
6Li(p, γ)7Be in 
PLB

2015, NSFC 
major fund for 
JUNA

2011, 
rp mass 
PRL, APJ
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Direct measurement

7

J.J. He, et al., PL B 725 (2013) 287B. Bucher, X. D. Tang* et al., NP and 
IMP, PRL 114(2015)251102

12C(12C,n)23Mg



/4929th IAU General Assembly August 01 - 14, 2015, Honolulu

Indirect measurement
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(d,n) and  (d,p) 

RIB production

X. X. Bai et al., NP A588(1995)273c 
W. P. Liu et al., NIM B204(2003)62

W.P. Liu et al., CIAE, PRL77(1996)611 ANC method
7Be(p, γ)8B S-factor
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rp process decay                         
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Isotope T1/2(ms)

Present 
Work NNDC

53Ni 52±5 55±0.7

54Ni 111±6 104±7

52Co 108±4 115±23

53Co 248±12 240±9a  
247±12b 

51Fe 298±5 305±5

50Mn 286±7 283.3±0
.8  

Cu

Ni

Co

Fe

Mn

J. su et al., CIAE, Phys. Rev. C 87 ,024312 (2013)
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Mass in CSR Lanzhou
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X. L. Tu et al., PRL106(2011)102501;  X. L. Yan et al., ApJL 766(2013)8, IMP

Lanzhou 
AME03

X-burst 
Lanzhou 
AME03
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  Theory
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Z. M. Niu, B. H. Sun, J. 
Meng, PRC 80, 065806 
(2009)

K. Kaneko, Y. Sun, et al., 
PRL 110, 172505 (2013)

N. Wang，mass，PRC84, 
051303R(2011)
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Network calc

12

N. C. Shu, Y. S. Chen et al., NPA 
758 (2005) 419c

Z. M. Niu, B. H. Sun, J. 
Meng, PRC 80, 065806 
(2009)
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Full coverage of NA
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Data Theory
Astrophysic
s

Observation

NP input

Astrophysical model

Abundance calc.  
 

Abundance 
observation

reaction decay, mass

Direct In-direct Resonance

Y. S. Chen

J. R. Shi

Z. H. Li

W. P. Liu
X. X. Bai

X. D. Tang

B. Guo Y. B. Wang

J. J. He

L. Gang

N. C. Shu 
B. H. Sun

Y. Sun  J. Meng
J. Su

Y. H. Zhang   
H. S. Xu

W. P. Liu

Y. J. Li

Interaction 
Mass-Theory-Network：Lanzhou-
Shanghai-MSU，PRL，ApJ 
Reaction-Network：13C，Beijing-Monash，
APJ 
Data-Observation：CIAE-NAO， 
Decay-Mass：53Ni，Beijing-Lanzhou，
PRC，PRL

Y. X. Liu



Big platforms in China

Lanzhou

Beijing

LAMOST

14

first	p	beam	in	July	2014,	now	20	uA!
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BRIF commissioning

15

First Beam July 4, 
2014

12 hours running with current 
of 23 μA July 25, 2014 

Stable beam mass resolution 14385 Oct 20, 2014
100 MeV proton beam on CaO target 
Production of 38K+: 1×106 pps�
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Beijing ISOL
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Application

Rib
SHE

Decay
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China NP road map

17

Tandem	Beijing Cyclotron	Lanzhou Storage	ring	Lanzhou

ISOL	facility	Beijing HI	facility	Dongguan
Beijing	ISOL	facility
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Underground nuclear astrophysics
• Direct is the way to 

get rid of model 
dependence

• Direct in Gamow 
window have to go 
underground

• Underground is list 
in top priority

• Many world lab 
planned, with LUNA 
operational

JUNA

19 /49ANPhA symposium Oct. 23-24, 2015, Kyeongju 
From	X.	D.	Tang
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Background+at+ground�

Background+under+ground�
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LUNA experiments

2014N(p,γ)15O

3He(3He,2p)4He

From	Paolo	Prati
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CJPL	underground	laboratory

Most deepest space by 
hydro-electricity  power 
plant
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From	Qian	Yue
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CJPL advantage

22

Background in  � JPL 

neutron�

Rn�
40K�

238U�
232Th�

depth�

3CJPL3�From	G.	Lian
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CJPL advantage
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Background in  � JPL 

neutron�

Rn�
40K�

238U�
232Th�

depth�

3CJPL3�
2	order

From	G.	Lian
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CJPL-I

23

●Major hall: 6.5*6.5*40m
●Capacity:   ~4,000m3
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CJPL-II experiments

24

HpGe 
CDEX

LXe PANDAX

NA 
JUNA

From	Q.	Yue
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JUNA organization

25

• CIAE	
• IMP	
• THU	
• SJTU	
• SCU	
• SDU	
• SZU	
• … PI

Xiaodong	Tang	
13C(α,n)16O	
Ion	source

Zhihong	Li	
25Mg(p,γ)26Al

Jianjun	He	
19F(p,α)16O

Gang Lian
Accelerator

Weiping	Liu	
12C(α,γ)16O

Group leader



JUNA team
JUNA
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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
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JUNA international team
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Osaka Isao	Tanihata

Monash Alexander	Heger

Notre Dame Wanpeng Tan

HAS Maria	Lugaro

Minisota Yongzhong Qian

RIKEN Shigeru	Kubono

South Dakota Dongming Mei	



JUNA IAC
JUNA
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M. Wiescher Chair UND
T. Motobayashi Member RIKEN

H. Wang Member TCAS
C. Brune Member Ohio
M. Junker Member INFN

D. Robertson Member UND
F. Strieder Member SDSMT
D. Leitner Member LBL

Q. Yue Member THU
Preparation	meeting	July	2015	in	Beijing 1st	IAC	meeting	March	1-3,	2016	in	CJPL
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JUNA-I funding

29

Ion source (CAS $0.8M), accelerator (CNNC $0.5M)

Electronics, shielding (NSFC $1.0M

Detectors NSFC $1.3M

total $4.8+ M
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JUNA-I funding

29

Lab CJPL II Tsinghua NSFC $1.2M

Ion source (CAS $0.8M), accelerator (CNNC $0.5M)

Electronics, shielding (NSFC $1.0M

Detectors NSFC $1.3M

total $4.8+ M
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JUNA-I plan

30

CJPL-II cave 4

ECR source Acceleration Magnet Detectors
Intensity Energy
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JUNA-I plan

30

CJPL-II cave 4

ECR source Acceleration Magnet Detectors

JUNA-I

Intensity EnergyBeam Intensity,	mA Energy,keV

H+ 10 70-400

He+ 10 70-400

He++ 2-5 140-800
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Nuclear astrophysics reactions

31

锦屏实验室测量范围 
Gamow窗口 

12C$(α,γ)$16O 

Holly	grail	12C(α,γ)16O n	source	13C(α,n)16O

γ	astronomy	25Mg(p,γ)26Al F	over-abundant	19F(p,α)16O
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JUNACJPL-II construction
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Recent progress
JUNA
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1~100keV强流氘离子束装置研制
崔保群，姜冲，马鹰俊，马瑞刚，李立强，蒋渭生

China Institute of Atomic Energy, Beijing, China ,102413

1~100keV氘离子束装置

引言

The temperature of target 

。

靶上束斑 5-20mm  可调

物理实验结果

氘离子束装置的技术指标：
z能量1～100keV，连续可调；
z靶上束斑可在5-20mm可调；
z靶上流强1-20mA
z 2.5×3m，必须结构紧凑，体积小。

强流离子束的加速和减速

低能轻带电粒子之间的核反应在核物理基础研究及应用研究中起着重要作用。10-
100keV能区中氘-氘反应主要有三个反应道，即2H（d,γ）4He，2H（d,n）3He和2H
（d,p）3H，前两个反应分别放出23.8MeV的γ射线和14MeV的中子，而第三个反应
放出3.3MeV的质子。其中氘－氘辐射俘获反应2H（d,γ）4He是核天体物理中氘燃
烧及决定4He丰度的重要过程，因而，与天体环境相应的能量下该反应截面值对于
原初的核合成过程计算是重要的物理量。

-6

-4

-2

0

2

4

6

0 0.5 1 1.5 2 2.5

Z (m)

y 
(c

m)
  

  
 x

 (
cm

)

估计 Ed=20keV 3H(d,γ)4He 反应截面的上限为 50µb。 

典型的 2H（d,p）3H 反应产生的质子谱。横坐标为道数，纵坐标为计数。 

求得 2H(d,γ)4He 反应的截面为σ＝2.9×10-11b（1±40％） 

从40keV减速到1keV，束流10mA 从40keV加速到100keV的束包络束流20mA

没有扣除本底的γ射线谱（a），扣除宇宙射线本底后的γ谱（b）和从（b）中 

扣除中子本底后的γ谱(c )。横坐标为道数，纵坐标是归一化为一百小时内的计数。 

氘束打氘靶和氘束打氚靶的一些实验结果
既可以加速又可以减速的电
极结构

靶可以位于-60kV到40kV电位

束流包络图

强流氘离子束在实验室

系统布局图

达到的技术指标

离子源 分析磁铁 透镜

大于40keV时，靶上流强均为20mA

Tandem	of	implantation	target

solid	and	gas	detector	and	electronics

Proton	beam	with	40	KV	and	20	mA

CJPL	low	background	station
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H+ 10 70-400

He+ 10 70-400

He++ 2-5 140-800
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Physics Reaction Current JUNA goal

Massive star 12C(α,γ)16O 60%
890 keV

test
380 keV

Heavy ion 
synthesis

13C(α,n)16O 60%
279 keV

20%
200 keV

Galaxy 26Al 
source

25Mg(p,γ)26Al 20%
92 keV

15 %
58 keV

F aboundace 19F(p,α)16O 30 %
180 keV

10%
70 keV

Underground 
technique

Low 
background
High beam 

10-14 b 10-17 b
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Duration Contents

Mar.	-	May Gamma

May	-	July Gamma	with	
shielding

Aug.	-	Oct.	 BGO

Oct.	-	Dec.	 Neutron
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CJPL-II cave 4

4MV accelerator Windowless  
target RMS Detectors

JUNA-II JUNA-I
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JUNA-I 2015-2019
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JUNA-IBackground 
2015

Fabrication
2016

Installation
2017

Experiment
2018-2019

JUNA-I 2015-2019

JUNA-II 2018-2023

JUNA-IE 2020-2024

JUNA-IIE 2023-
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H burning 
3He(α,γ)7Be  

2H(α,γ)6Li  
3He(3He,2p)4He  

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,γ),(p,α)20Ne,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 

    n source 
13C(α,n)16O 
22Ne(α,n)25Mg 
25Mg(α,n)28Si 
26Mg(α,n)29Si

C, O burning 
12C+12C 
12C+16O 
16O+16O

γ astronomy 
25Mg(p,γ)26Al ：
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The	14th	will	be	in	Korea	in	2017!



Summary
• Nuclear astrophysics in good progress in China

• In-direct approach still productive, decay and mass 
measurement get new finding

• RI facilities in Beijing and China give a contribution in 
word forces

• Underground JUNA will open up new frontier

• More collaboration needed to nuclear physics and 
nuclear astrophysics in Asia, in which ANPhA will 
take an active role
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