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Input to simulations and important reactions

nuclear reactions
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Major astrophysics process
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Uncertainty remained for key reactions A
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Most silent location: CJPL \,+

JUNA in CJPL A1, Jan. 2021
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wnzammh  Jinping Underground Nuclear Astrophysics Experiment

ECR source
Low energy beam transport

system (LEBT) _
Acceleration tube

Magnetic lens
90° analyzing magnet @

Terminal

o 3 §’
‘V

§ i =N
N3

| l |
i
| |

"

|

a
el ‘
s AL, ] -
s ’ S
S

I Detector o

Beam diagnostic box

High-voltage platform

. -
O
—
©
—
L
Q
&
&
©
<
<
-
ﬂ

lab depth cosmic beam energy (keV) beam intensity (emA) energy

m 1 bkg H+ He+ He2+ H+ He+ stability
(cm-2s1)

LUNA 1400 2x%10-8 50-400 50-400 3.5 MV 0.3~1 0.3~0.8 0.05%
CASPAR 1500 4x%10-° 100-1000 100-1000 1 MV 0.1 0.1 0.05%
JUNA 2400 2x10-10 50-400 50-400 100-800 2-10 2-10 1-2 0.04%

Felsenkeller 45 ~10-7 5 MV 30 UA

JUNA 2025 Dresden WPL et al., Sci. China 59(2016)2




NUCL SCI TECH (2022)33:41
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JUNA detector setup
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19F(p,7)2Ne: HCNO break, explain Ca in oldest star? [
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Experiment setup
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19F(p,y)20Ne implications | explain Ca abn in oldest star!
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25Mg(p,y)%°Al: gamma astronomy Rz v vicie

Exp.: Jan. 1-15, 2021
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13C(ax, n)1%0 neutron source reaction for heavy elements

Main s-process ~90<A<210

TP-AGRB stars

shell H-burning He-flash

To~0.1K 0.25¢T4~04K

107-108 cm-3 1010-101 e¢m-3

13C(ae,n)te0 22Ne(a,n)?>Mg
run 1 run 2

ENVELOPE

13C(ax,n)

CO CORI

B. Gao, ..., Y. D. Tang®,..., WPL*, 13C(a,n)160, PRL 129(2022)132701

decreasing neutron separation energy, S_

high S_ favors

(ny) —

6.35 MeV

S factor (MeVb)

—
o
(o

X Heil (2008)

A Harissopuos

$ Drotleff (1993)
Bair (1973)

‘.' .
3
(2005) A

B. Gao, IMP

Exp.: Jan. 27-Feb. 16, 2021

-

™
/‘

R — _

‘.-', -



Lin, Nov. 3, 11:10-11:35

13C(a,n)1O neutron detection
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He*: 1lpmA
He*: 1pmaA,
13C thick target (2Zmm) x 3

B. Gao, ..., Y. D. Tang*,..., WPL*, 13C(a,n)160, PRL 129(2022)132701



13C(a,n)1°0 results
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Resolve conflict in30 years research N

Recent studies of the low-energy range of the "’ C(a,7)'°O reaction rate at the deep under-
ground accelerator facilities of LUNA in Italy (83) and JUNA in China (84) have removed most
of the uncertainties in the extrapolation of the previous higher-energy data [the NACRE II com-
pilation (85)]. The low-energy data match well the prediction of a recent R-matrix analysis (86)
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Status for '>C(a, y)'°0,
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3O(a, y)**Ne reaction and SiC grains

#LN, Duwar
4

rofile of the BGO array

21Ne/22Ne.In SIC grains, aintershell of AGB star
4He2+ beam with 0.5 mA at 470-800 keV, Ti180 target and BGO array

Improved Er and @y, precise reaction rates
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JUNA results from

Run-1

Reaction Quantities Beb:’;glraeta JUNA data Publication
Holy grail Lowest energy/keV 891 552 -
Feasibility by run 1
12C(a,y)'*0 Cross section/b 10-11 10-12
Energy range/keV 230-300 240-1900
neutron source PRL 129(2022)132701
C(a,n)1°0 S-process 50% 20%
Science Bulletin
26
S aoundance ety 21% 8% 67(2022)2
Mg(p,y)°A Cover paper
F abundance Lowest energy/keV 189 72 PRL 127(2021)152702
19F(p,ay)160 Uncertainty 80%, LA Editor suggestion
Ne isotope ratio .
180(,y)22Ne Uncertainty 47/2+18 keV | 474.1+x1.1 keV | PRL 130(2023)092701
CNO breakout Nature 610(2022)656
19F(p,v)20Ne Lowest energy/keV 300 200 NowsantiUiEus F




Ready for JUNA Run- 2

« CJPL IAC highly recommend JUNA and
gave green lights for next 5 years and
support JUNA using A1 space

 High density radiation hard target and gas
target, higher efficiency neutron and
gamma detectors '

 Run 2 proposal evaluated and approveg
from July 2025 to February 2026

Run-2 kickoff meeting April Run-2 plan approved May 15,
24, 2024 2025
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LAMDA-II array and diamond target test
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JUNA Run-2 Exp.: 2025-2027 .

Pb shleldlng box

From Run-1 to lower energy

+ 2C(a,y)'°0, confidence from 16 to 3¢

. 13 C(a, n)160, full coverage of s-process

. PF (p, y)zONe, cover 80-150 keV with high precision
Run-2 is coming! May 22, 2025,
2 mA 230 keV He'+ beam!
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Future study of nuclear astrophysics N

Underground, LUNA, CASPAR, JUNA,...

Progress In huclear astrophysics of east and southeast

- Asia...Toshitaka Kajino*, ..., *, ..., Xiaodong
Explosive process, RIBLL, RIBF, FRIB, TRIUMF, BRIF.... Tang'.... et al, AAPPSBulletin (2021) 31:18

Mass, ESR, CSR, RI-Ring,... s—p;'ocess

p(y) —process \

Decay, RIBF, RIBLL, BRIF, ISOLDE,...

Neutron capture, CERN n-tof, CSNS, ....

VD — process

Novel approach, SLEGES, ELI-NP, Laser facilities,... p-process . vl S e fecion
Theory, simulation, ... INi) 20 Sl il F-pracess
LA ~ e—capture

.

——— stellar fusion

Space based, gamma observatory,... O
’ —cycle

pp—chain, BBN

Future: FRIB, RAON, FAIR, HIAF, ELI-NP, BISOL,
Super JUNA..., will open up new opportunities!
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Nuclear astrophysics is a frontier in nuclear physics and rapid developing in China,
thank to to the progress of BRIF and HIRFL, and JUNA from 2020, for reaction, mass
and decay

Take home message from JUNA

JUNA started online reactions from Jan. 2021 by Run 1, with mA p and He beams with
400 kV open platform with keV precision, BGO and SHe array, 100 C duration target

With JUNA Run 1, >>Mg(p, v)*°Al reached high precision, '>C(a, y)'°O showed
feasibility, 225 keV resonance in °F 22 y)ZONe explained Ca abundance of oldest star,
and discrepancies of neutron source *C(a, n)'°0 resolved

JUNA reinstalled in new A1 hall CJPL Spet. 2024 with He beam May 2025, Run-2 will
start by July 2025, with experimental plan approved, eg., 12C(oc, }/)160

From 2026, we will open propoSaIs by Run 3 for international users with suppdrtf T
NSFC, please join us in CJPL, and also lots of job opportunities in ChineSe rsities 1=

4 \ -~ ﬂ"‘. ;



JUNA Team

Weiping Liul, Zhihong Lil, Jianjun He?2, Xiaodong Tang2, Gang Lian!, Zhu An4,
Qinghao Chen3, Xiongjun Chenl!, Yangping Chen!, Zhijun Chen2, Baoqun Cuil,
Xianchao Dul, Changbo Fu5, Lin Ganl, Bing Guol, Guozhu He!l, Alexander Heger®,
Suqing Hou?, Hanxiong Huang!, Ning Huang4, Baolu Jia2, Liyang Jiangl, Shigeru
Kubono’, Jianmin Li3, Kuoang Li2, Tao Li2, Yunju Lil, Maria Lugaro8, Xiaobing Luo4,
Shaobo Ma2, Dongming Mei°, Yongzhong Qianl0, Jiuchang Qin!, Jie Renl, Jun Sul,
Liangting Sun2, Wanpeng Tan!l, Isao Tanihatal2, Peng Wang4, Shuo Wang!3, Youbao
Wangl, Qi Wu2, Shiwei Xu2, Shengquan Yanl, Litao Yang3, Xiangqing Yu2, Qian Yue3,
Sheng Zengl, Huanyu Zhang!, Hui Zhang3, Liyong Zhang?, Ningtao Zhang,, Qiwei
Zhangl, Tao Zhang>, Xiaopeng Zhang>, Xuezhen Zhang?, Zimin Zhang?, Wei Zhao3,
Zuo Zhaol, Chao Zhou!

1China Institute of Atomic Energy, Beijing, China,
2[nstitute of Modern Physics, Lanzhou, China
3Tsinghua University, Beijing, China,
4Sichuan University, Chengdu, China
SShanghai Jiaotong University, Shanghai, China,
6Monash University, Melbourne, Victoria, Australia,
2SO TR LR B VR (I T G RO TS (e B ae AV EY T e JUNA IAC meeting in CJPL by M. Wiescher et. al,., 2016

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

10Minnesota University, Minneapolis and Saint Paul, Minnesota, US,

11University of Notre Dame, Notre Dame, Indiana, US,

120saka University, Suita, Osaka, Japan
13Shangdong University, Beihai , China
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