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Features of nuclear astrophysics research

* NP, microscopic, 10-1> m, —>observation, cosmic, 1014 m, truly
Interdisciplinary

* For energy production and element synthesis in star
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Life of star

PRC 71(2005)052801R
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Nuclear Reactions: Alchemists in the

Universe

| H burning .
" Peaks are the birthmark of nuclear

burning physics: the magic number of the
COSi burning nuclear shell model

iror| group
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Elemental synthesis In huclear chart

PRC 87(2013)024312 Dlabine
rp-process in
X-ray bursts

1847

Number Z of protons

Mass number 195

S-process " "\’

N

t .\1.).\.\ numbvr 110 r-procegs
82

126
\ PRL 2022, in press
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1
20 28
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Element synthesis network
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Nuclear astrophysics as frontier science

. B FHIBRZ ] 34ME SesTiE R ' ®
- BEENFR. BYSKEED }

¥ L3 B T Tt
it “T I ” WAL

- SEDOEZBZF R EAA X+

- What Is the nature of the nuclear force that binds protons and neutrons into stable nuclel and rare
Isotopes?

- What is the origin of simple patterns in complex nuclei?

- What is the nature of neutron stars and dense nuclear matter?

- What is the origin of the elements in the cosmos?tE& IR

- What are the nuclear reactions that drive stars and stellar explosions?IXzs|E £ 78K

MR R BIZ R N

THE ELEVEN QUESTIONS IN 21st CENTURY
Connecting = What Is Dark Matter?

Quar /'(5 % What Is the Nature of the Dark Energy?
with the (_OSIMNOS How Did the Universe Begin?

R Ny 8 Did Einstein Have the Last Word on Gravity?

What Are the Masses of the Neutrinos and
How Have They Shaped the Evolution of the Universe?
How Do Cosmic Accelerators Work and What Are They Accelerating?
Are Protons Unstable?
What Are the New States of Matter at Exceedingly High Density and Temperature?
Are There Additional Space-Time Dimensions?
How Were the Elements from Iron to Uranium Made?

: ] _ wPECC NuPECC
Is a New Theory of Matter and Light Needed at the Highest Energies? Loig pl::gg:sman 2017
@ Muclear Physics

August, 2022 10



Major facilities in China
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Joint efforts 3%

LUNA, JUNA...

Direct in Gamow window Nuclear astrophysics and sensitivity

(underground) study

TRIUMF, NSCL,...

Shell model and mean field

] Reaction rate database
calculation

Direct in higher energy

CIAE, TAMU, CNS...

RECLIB... -
In-direct measurements

Nuclear input database

RIBF, CSR, NSCL...

AME...
Nuclear decay

Shell model and mean field

CSR, GSI, TRIUMF... Mass and decay rate database

calculation

T R SRR




George Gamow

Maxwell-Boltzmann distribution
exp(-E/kT)

Gamow peak

Relatlve probabllity

o(E) = S(E)e‘z’”?l

astrophysical s factor E

n=0.1575Z,Z\/M/E

SE I KR High exposure

coulomb term

(Z2Z2MT?)keV ~ Gamow window
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" Tunneling through
yd Coulomb barrier

exp(-b/E™)

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



LUNA I - 3.5 MV
)

LUNA and CASPAR nuclear astrophysicsg

F. Cavanna et al., PRL 115(2015)252501, **Ne(p, y)*>Na.

Sl F. Ciani et al. PRL 127(2021)152701, °C(a, n)'°O 3He(3He,2p)*He
=" .- V.Mossa et al., Nature 587(2020)210 , D(p, y) He PRL82(1999)5205
A. C. Dombos et al., PRL128(2022)162701 180(0: y)**Ne 2H(3He,p)*He
5 ; : Py ’
S | — oo S Qoo PLB482(2000)43

10-7 A LUNA 1998-1999 (26, 27)
Vv Kudomi et al. (60)

10 ATI 3 10°# 2H(p,Y)3He
| - 5 - NPA 706(2002)203
E 10° "i’d"':”s“udcf' o g o o 3 ;
o DR —— fr #SHe(*He,2p)He nela,y)'Be
AT N PRL 97(2006)122502
10 f”é:‘f“*’?ré’g&r H""M* | . e | E::(ke\l-)l S 14N(p!Y)150
9 SR | ||| Tyt FH S | e — PLB 591(2004)61
10° 14N 150) N(p,Y)'°O
(P,Y)
L ] PRCS82, 055804(2010)
TO(p,y)!*F
. PRL 109, 202601(2012)

y-ray

i i, SMg(p,7) Al
ﬁ Broggini C, et al. 2010. w: | MH PLB 707(2012) 60
Annu. Rev. Nucl. Part. Sci. 60:53-73 £y (MeV)
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Uncertainty remained for key reactions XHvJ ’

Physics

Massive star

S-process
neutron
source

Galaxy 26Al
source

F aboundace

Reaction Current

12C(a,y)¥0  60%

890 keV

13C(a,n)160

25Mg(p,y)?°Al

19F(p,a)'°0

Desired

20%
220-380 keV

10%
140-230 keV

9%
90-300 keV

9 %
90-250 keV

WPL et al., Sci. China 59(2016)2
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Most silent location: CJPL
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JUNA dream team

Bing Guo
22Ne(a,n)>Mg
CIAE

Shuo Wang

14N(p,)150 Xiaodong Tang
SDU 13C(a,n)10
lon source IMP

m

W. P. Liu, 2022, NuSYS

Group leader

Weiping Liu

12C(_OL,Y)16O
Yangping Shen, CIAE (0 RETRRKEFAERAT
Jun Su, BNU °1€ a7 </ |

Pl

-~ —
Y
Zhihong Li Jianjun He Gang Lian
25Mg(p,Y)26Al 19F(p,)1¢0 Lab. exp. su
CIAE BNU CIAE

Jun Su, BNU

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

p.

JUNA

Acc. installation
Arjun Li

,
construc
tion
Hongwel
Yang

Site support
Xiaopan Cheng

Acc. operation
Long Zhang

Bao
duncui,CIAE
Liangting
Sun, IMP

rlon source
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JUNA funding 22 %%
NSFC $2.9+M CAS $0.65M CNNC $1.6 M

CJPL-Il / Tsinghua ~$3+M

Detectors (NSFC $1.3M)

A ERENHIESER

Electronics, shielding (NSFC $1.0M)

g, nj v Jui
lon source (CAS $0.65M), accelerator (CNNC CNNC
$1.6M)

Lab CJPL Il (CNNC, Tsinghua, NSFC $3+M)

total $8+ M

Need to apply for JUNA Il and welcome international contribution



| i1 55 18 =2 T EIEEUK
3&R 1% = E PRE SR = 4 7K Fa93-1015F

- OFFENEERR ' - 12CEFINIREE

- SAEHBRHAIE « FCVABENE é& SR s

. BRERIESREL BRER el

. HEREEH LSS © PCER99.99% A
L 4EEIR S 101E . TiEEERK400EL
(10EE€—100FE L)

13C[E i = [EEE 2MgZ =8 51l

. =BTk . .Cr+Mg+Cr=HR’3
”“5;* P 4 -

« mEMIIA3550°
4 . BEERER

. FRIfLEE EO 5kW/cm2
= ﬂﬁ‘JEEﬁﬁi?MOOfﬁ‘e

E——




NUCL SC1 TECH (2022)33:41
N/ .

s# "_":ﬂl = L TT— MERBEZRXEPIELE
% l— ;7“ I )\J é *ﬁ 7k Development of a low-background neuntron detector array JUMT -/”’,””’y [/”de, g’ awml M/C/Bﬂf '4“’1’ ﬂplly SI'I,'S [Xpﬂf/’lﬂeﬂf

Yu-Tian 14" @+ Wel-Ping Lin’@* Bing-Shul Gao'** « Han Chen"

Hao Avang’ - Yu Hoang® - Tae-Yu Jino™ « Kuo-Ang Li™* - Xino-Neng Tang"*'@®-
Xin-Yu Wang"" + Xiao Fug‘o- Han.Xiong Huoang® + Jie Ren®@®* Long-Hui Ru'#»
- Xi-Chao Ruan® - Ning-Tao Zhang™ « Zhi-Chao Zhang™?

MNIENSTHE X E
% L RKARAR RRXE ElSMOF BA 1A E]
reaction technology publication world best |JUNA

12C BGO+LaBr down to 891 down to 552 keV
keV

125)\|g BGO array Atomic ST resolution17 11 %
X8 52(2018)140 %

13C 3He array NST33(2022) 41, Exptripolation Self consisitent

X24 cover story

Charged particle 170 keV down to 100 keV
array

JUNA2022




HPGe and BGO background in CJPL-1 2016-2019 AKJEKN&
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o o

'L\/vv J“—“Lr\_rw‘_JL 1
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3 4 5 6 7
E (MeV)

Counts per keV and hour
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-
o

Ground. 10cm Pb

CJPL, 20cm Pb and 5¢cm Cu

Y..P. Chen,J. Su et al.,.Sci. China Phys 60. (2017)

o LA 0~1 1117]

Gamma energy (MeV)

Duration

15, Mar. - May
May - July

Aug. - Oct.

Oct. - Dec.

16, Nov.-17. Jan.
17-19

Contents

Gamma

Gamma with shielding
BGO

Neutron

BGO, LaBr

Neutron

Thermal neutron background measurement in CJPL1

PSD : pulse shape discriminator
Cd : cadmium shield(1mm)

No PSD + No Cd
PSD + No Cd
PSD + Cd

| L Tlllll|
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|

= LI

Counts/40 keV

T L

-
-
TEE = SRS = SRS Bl T = SRS == &S

CJPL1 measurement (normalized to 750

hour)
Background rate(one 3He tube):

No PSD: 3.51+0.3 n/day
PSD: 0.6410.14 n/day

o

'
- 1
,







giuujll] EEEE'Uk

=7 -’ ANIRER -
- RARZEH B ﬁ*g&ﬁi
‘ N S EBEATL RN
- o EEKEILEM elREERE
itH_’._F:|:|ET.|’J\ Z = - ] yEd
 RRmaERE S
ERAERE 0 T maw  EMETE SRERERE
- EfniRittgsEins iR « RiREE 10 mA, EHE 90%
- EfrEEFINERARIT mi . it BB B aEEIE R SE”

&Hﬁjéﬂzuozmmgc'px r o EREWR S 11Z21201810075232.1

ﬁgéﬂjﬁ: TREBIEMER
L poe sl




E PR 58 i AR i R AR EEJUNA experiment

Aocele JUNA

ration

HV platform { tube Beam analyze
l ' l ‘ I : “1“1 | %% _:. -V'i} ' e Detector

e = ; "h‘“& # L

g:um RUS53

cosmic beam energy (keV)

u bkg
( cm-2 s-1 ) H+ He+

JL//IM

AR MERRXEYIERR
Jinping Underground Nuclear Astrophysics Experiment

beam intensity (emA)

H+

LUNA 2x10-8 50-400 50-400 0.3~1

CASPAR 4.4%x10° 100-1000 100-1000

JUNA 2x10-10 50-400 50-400 100-800

JUNA2022

0.1

10

energy stability
He+ He2+

0.3~0.8 0.05%
0.1 0.05%

10 2 0.04%

-

WPL et al., Sci. China 59(2016)2"
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25Mg(p,y)28Al physics {1 5% X K KL Ayt
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Results and implication g%

Smence
LUNA2012 . . |

. V'ché? Nurba s -.-‘J"- "

lliadis 1996

Around 0.1 GK,

Total

Champagne1983 JUNA = REACLIBX 2.3 or LUNAX 1.2 -

LUNA2012
Kankainen2011 JUNA2021

}

Transfer reaction Direct measurement

Ground sate

JUNA = REACLIBX 2 or LUNAX 1.3 7

<GV>1' / <GV>Prcscnt

IF>20

Y. J. Li, Z. H. Li, E. T. Li, X. Y. Li, T. L. Ma, Y. P.
Shen, J. C. Liu, L. Gan, Y. Su, L.-H. Qiao, et al., Phys.
Rev. C 102, 025804 (2020).

fo | el cii i ittt
o o & 4
(}{9._(10? Azzwqgﬁﬂprﬂ.‘A.f.':‘ B REACLIB
0.81 = 0.05° - ARk 777) LUNA2012
0.66 + 0.044 JUNA2021
0.75 = 0.02"
0.859 == (0.01°

JUNA underground VU\EWelielbile} ). Su, Z. H. Li*,...., WPL*, Science Bulletin, 67(2022f2,cover paper
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19F(p,ay)1%0 data
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19F(p,ay)°0 reaches Gamow window
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13C(a,n)160: solve the uncertainty
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We are delighted to accept your manuscript entitled "Measurement of 19F(p,y)20Ne reaction
suggests CNO break-out in first stars” for publication in Nature. Thank you for choosing to publish

your interesting work with us. Aug. 11, 2022

L. Y. Zhang, J. J. He*, ..., WPL*
New study of the key CNO break-out reaction 1°F(p,
Y)2°Ne in first stars
Nature 2022 accepted
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International recognition

e J. C. Mather, 2006 Nobel Prize Winner, JWST chief
scientist, “And congratulations on your new
measurements; they seem quite important.”

* R. Diehl, INTEGRAL spokes person, “This is great news
and a big achievement: Congratulations!”

* M. Wiescher, former JINA chair, “There's no question that
you're in the lead.”

-+ T. Kajino, BUAA/NAOJ professor, “The JUNA achievement
In the first year is really great by producing several

important results with the world highest preng
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JUNA summary E KTHR R EZ

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 in JWST, and the
discrepancies of neutron source reactions was resolved.

Welcome to join JUNA collaboration and submit your proposals

- I Fixed

deep underground! . i




JUNA Team

Weiping Liul, Zhihong Lil, Jianjun He2, Xiaodong Tang2, Gang Lianl, Zhu An4,
Qinghao Chen3, Xiongjun Chenl, Yangping Chen!, Zhijun Chen2, Baoqun Cuil,
Xianchao Dul, Changbo Fu’, Lin Ganl, Bing Guo!, Guozhu Hel, 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 Qinl, Jie Renl, Jun Sul,
Liangting Sun2, Wanpeng Tan!l, Isao Tanihatal2, Peng Wang4, Shuo Wang!3, Youbao
Wangl, Qi Wu?2, Shiwei Xu?, Shengquan Yanl, Litao Yang3, Xiangqing YuZ, Qian Yue3,
Sheng Zengl, Huanyu Zhang!, Hui Zhang3, Liyong Zhang?, Ningtao Zhang,, Qiwei
Zhang!, Tao Zhang>, Xiaopeng Zhang>, Xuezhen Zhang2, 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,
TRIKEN, Institute of Physical and Chemical Research, Wako, Japan,

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,

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



92

-
|
-

Ay ol .
u h,. .. o\

....HQ " y
o
A_w, ;
h& ]
5
— [




