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Nuclear Reactions: Alchemists in the
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Element synthesis network
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State of nuclei; fate of star ‘N
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Nuclear astrophysics in China
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1996: new method for 8B solar neutrino cross section

This paper describes an
RIB production (d,n) or (d,p) measurement excellent experiment, one

of the first examples
where a radioactive 1on
beam has been used In
Inverse transfer reaction

Dipole Gas target

s studies.
- The topic is sufficient
X: X. Bai, WPL et al., NP A588(1995)273c important that this paper
S — | should see timely and
| kaves ey | L o v L aoPY, 4o widespread exposure to
) ”:-i---“f“ﬁ; - {-k - f"—g - 1757 ae) . las) =2’z e - the physics community in
O s 1E = order to stimulate a
“ 10 ool __ 16w (Ey)3 1 ey @ir+) .. board-based dialog.
Sk Direct measurements Transfer reaction S.i::fmu 4 o 9 h(-. h U k2 (2 I]‘ + 1 )(2 ]2 + l ) | efjf
0 ; ; ; ; ; t; 7 % f’.Zd’. ffj ('/\'l‘)W;;,Ef+1/2(2KI') , WPL et al-,
PRL77(1996)611, 1st NP

Astrophysical reaction rates ANC or Spec factor 9C>|<1|?- paper in PRL in
Ina



Major facilities in China
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Gamow window
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Uncertainty remained for key reactions A
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. China Jinping: CJPL
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Most silent location: CJPL
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JUNA accelarator
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JUNA in DOE long range plan 2023

Various experimental facilities in Asia are involved in
all areas of experimental nuclear physics, including
those under construction. These facilities include the
new Yemilab underground laboratory and the Rare
Isotope Accelerator Complex for Online Experiment
(RAON) in Korea; the Stawell Underground Phys-
ics Laboratory (SUPL) in Australia; and the Jinping
Underground Laboratory for Nuclear Astrophysics
JUNA) facility, the Beijing Radioactive lon Beam Fa-
cility (BRIF), the Heavy lon Accelerator Facility (HAIF),
and CJPL-Il Underground Laboratory in China. All
these international facilities are shown in Figure 9.8.



19F(p,7)?°Ne: confirm CNO break,

NIC, 2023

<+ CNO Cycle1
e CNO Cycle2
4= CNO Cycle3
4= CNO Cycle4d
«--++ Hot CNO Cycle
<«f--- Breakout

Solution: 1°F(p,g)2°Ne rate one order large?
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Experiment setup
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Measurement of "F(p, y)*’Nereaction Underground route to
suggests CNO breakout infirststars grasping the oldest stars

- - Marco Pignatari & Athanasios Psaltis
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25Mg(p,y)%6Al: gamma astronomy RFEg:z v vicie

BT, 2021
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JUNA result of 25M g(p, )26Al

JUNA2021 A (SClence Grou'nd Slal‘e |
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Kankainen2011

}

Transfer reaction Direct measurement

JUNA = REACLIBX 2 or LUNAX 1.3 7

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).
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13C(a n)160 neutron source reaction for heavy elements At
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Lin, Nov. 3, 11:10-11:35

13C(a,n)1O neutron detection
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13C(a,n)1°0 results
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Resolve conflict In30 years research

Recent studies of the low-energy range of the BC(a;7)'90 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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Big question, big impact, big challenge RS2k WP Shon. CIAE
Exp.: Feb. 26-Apr. 18, 202

« All M > 0.55 Mo massive star, mid massl/m - ( >(E)

up to Fe: Holy grail ! e -
» Gamow window Ec.m =300 keV, gxtremely : 10.36
. -
low cross section 10-17 bagas ' 085
- * Model need 10% precision, now only
60% or poor
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Mass Gap 3

s d s ot s a oy AL AR R AL LALA

0.5 L 1.5 2 2.5 3 3.5
R. J. deBoer et al., RMP vol. 89, 2017 E. .. (MavVv)

B. Guo, Z. H. Li, ..., WPL,, APJ756, 193 (2012); Y. P. Shen, B. Guo, ..., WPL, PRL 124, 162701(2020)
R. Farmerl,2., M. Renzo3, S. E. de Mink et al., APJ 902, L36, 2020 ...




12C(a,y)10 : more sensitivit
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Counts per 500 keV
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JUNA results from

Run-1

Reaction Quantities Beb:’;glraeta JUNA data Publication
Holy grail Lowest energy/keV 891 952 I :
n preparation
12G(a,y)'°0 Cross section/b 10-11 10-12
Energy range/keV 230-300 240-1900
neutron source SIS 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 ——— F




Recent development in underground nuclear astrophysics
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JUNA and Super JUNA coverage

H burning He burning N source
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2024-2030 JUNA and Super-JUNA

JUNA Super-JUNA JUNA Exp. Super-JUNA
EXp.

2024 ground test run (p,9)

Run-2 exp. R&D
2025 Run-2 Ground test and (a,n) and (a,q)

fabrication gas target

2026 Run-2 Setup and test cont.
2027 Upgrade Test run Test run (p,g) test

Run-3 exp. Run-4 exp.
2028 Run-3 Run-4 cont. (a,g), (a,n) Exp.
2029 Run-3 Run-4 cont. (a,g), (a,n) Exp.
2030 Run-3 Run-4 cont.




Green lights for JUNA Run-2

CJPL IAC highly recommend JUNA
and gave green lights for next 5 years
and support for A1 fine tuning

 High density radiation hard target and
gas target

* High resolution and efficiency neutron
and gamma detector

Improved ion source ‘No.|  amem | 202 2023

9 1011121 2 3456 7 8 9101112/1 2 3 4567 8 9101112

*_‘ ,_,,5 ﬁ'“]w

A A A |
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

test result for diamond target gas;ellgrget



« Fit2:11 keV
Fit 3: sub
» JUNA experiment

19F(p’y)20Ne_ Fit 1: sub, 11 keV

JUNA Run-2 Exp.: 2024-2026

* From Run-1 to lower energy

S factor (MeV b)

. °C(a, y)'°0, precision from 1s to 3s
13 16
¢« “C(a,n) "0, full coverage of s-process

- YF(p,7)*’Ne, cover 80-150 keV with high precision s EERCED

*  Drotieff et al,

Harms et al.
— R-Mihlx calculation

. “N(p, 20, Solar neutrino

e Using gas target 2o T |
g MR 1
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o 9!' !]
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* Others — O(p'y) F—
65 keV 3ti6
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» 7O(p,7)'°F, Hisotope ratio, 65 keV resonance
. 25Al(p,y)*’Si, BRIF ISOL 26Al implantation target

» 19B(a, n)!°N, search for new resonance
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JUNA is an advanced deep astrophysics platform. China, follow Italy and United
States and others, started to carry out direct measurement of key astrophysical
reactions, which leading the nuclear astrophysics to the stage of precision
numerical simulation stage

JUNA summary

JUNA 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

From JUNA Run-1, 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 discrepanc‘ies of neutron source reactions was resolved

JUNA Run- 2 will start:-by the end of 2024, welcome to join JUNA CW
~_and submlt your proposals deep underground! . . -

bl . & s e
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