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Massive stars:
Core Collapse SN
(He Burning)

Low-mass stars:
Giant Star winds
(He Burning)

Big Bang

Every star:

Winds and Explosions
(H Burning)

; OXYGEN

“FHMERNSAER, B(IXETEREKR—— FRFIR

AGTRERSXFESRITE

The four ingredients below

are essential parts of the body’s e -
protem, 5ar|;9h)‘ £ .-:' i Ifl*'ml

d’twd fat .

m" ‘j &'1 Calcium 1.5%
Lends rigidity and
strength to bones and

teeth; also important
for the functioning

of nerves and muscles,
and for blood dotting,

Phosphorus 1.0%

Needed for building
and maintaining bones
. and teeth; also found
AN 0 in the molecule ATP
L5280 (adenosine trichosphate).
s, SR GO which provides
o S5 Y energy thatdrives

- 65.0%

Critical to the conversion
of food into energy.

Potassium 04%

Important for electrical

signaling in nerves and

i maintaining the balarce
. .-"- s . of water in the body.

v Sulfur 0.3%

_.» - Found In cartilage,

g insulin (the hormone
,( » ' that enables the body to

cu % - U5 Truse sugar), breast milk,

CARBON : "

regulate the amount
of water in the body.

& .‘~.' - . “#: ~_proteins that play a role
18.5% ,1' "htheimmmsystem
The so-called backbone 1% Ay % -@nd keratin, a substance
of the building blocks of the e / i S skin, hair and nails.
body and a key part of other . Ak LS
important compounds, such as -3: A RN © 7 T, 52132::,?,3,:,
testosterone and estrogen. « LY S - ‘ . to function properly:
o L * also helps produce
& _ Bostric juices.
K i Sodium 0.2%
- vl « Mays a critical role
1 '.‘0 * 0 innerves’ electrical
., o4, signaling; also helps

Magnesium 0.1%
HYDROGEN rlayg an important role
9 5? in the structure of the
. 0 skeleton and muscles;
Helps transport nutrients, also found in molecules

that help enzymes use
ATP to supply enerqy for

remove wastes and regulate
body temperature. Also plays
an important role in energy

production, lodine (trace amount)

Part of an essential
hormone produced

by the thyroid gland;
regulates metabolism,

Iron (trace amount)
Part of hemoglobin,
which carries axygen
in red blood cells.

Zinc (trace amount)
Forms part of some
enzymes involved

in digestion.

NITROGEN

3.3%

Found in amino acids, the
building blocks of proteins;

an essential part of the nucleic
acids that constitute DNA.

(Percentage of body weight. Source: Biology.
Campbell and Reece, olghth edition.) S,
- . . o:'o ' .

4-' b chemical reactions in colls.

chemical reactions in cells.

Ca, P K, S, Cl, Na,Mg

massive stars:
Core Collapse SN

(C, Ne, O burning)

White Dwarf

Supernovae
(NSE process)

Heavy elements (like

)

(s-,r-,i-process etc)




Important discoveries In nuclear astrophysics

- 3K cosmic microwave background radiation,
1965, experimental evidence for big bang theory

- Understanding of solar neutrinos, 1960, triggers
neutrino oscillation hypothesis

« 26 A| r-ray detection, 1980, Direct support for
explosive nuclear processes, Birth of r-ray
astronomy SB 67(2022)125

* Detection of SN1987A supernova explosion, prL 2022, in press
1987, understanding of origin of heavy elements

- Experimental explanation for missing of solar
neutrinos, 2003, confirmation of neutrino
oscillations PRL 77(1996)611

- Detection of gravitational waves, 2016, the birth
of multi-messenger astronomy

June, 2022
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Afterglow Light
Pattern
400,000 yrs.
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Dark Energy
Accelerated Expansion

Dark Ages Development of
Galaxies, Planets, etc.
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about 400 million yrs.

Big Bang Expansion

13.7 billion years
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Most of the
S : Long-wavelength
Infrared spectrum Radio waves observable [ 54io waves

B O e from Earth.
atmospheric blocked.

gases (best

Visible light
observable
from Earth,
with some

atmospheric observed
distortion. from space).

w1

LAMOST

observation

|\ '
O‘I uw "

i1y

Gamma rays, X-rays and ultraviolet
light blocked by the upper atmosphere
(best observed from space).

Atmospheric
opacity

1 nm 100 nm 1 pm 10 pm 100 pm 1 mm 10 m 100 m 1 km

Wavelength




nuclear astrophysics: EEIIIETEZIN

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

* For energy production and element synthesis in star

The most remarkable discovery in

all of astronomy is that the stars are made
| g up atoms of the same kind as those on
PRSI RIA L

G- L)

RICHARD FEYNMAN

August, 2022 24



Life of star
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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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The four ingredients below

are essential parts of the body’s
protein, carhqhydnlgand fat
amhltectun. \d - 0 2

comn FRAIJMIBESE, ZUWIEZX? Where

strength to bones and
teeth; also important
for the functioning

of nerves and muscles,
and for blood clotting.

Phosphorus 1.0%
Needed for building
and maintaining bones
and teeth; also found
in the molecule ATP
(adenosine triphosphate),
which provides
_ % energy that drives

’ chemical reactions in cells.

OXYGEN

65.0%

Critical 1o the conversion
of food into energy.

The Cosmik Dark Age

Potassium 0.4%
Iimportant for electrical
signaling in nerves and
maintaining the balance
' . of water in the body.

v Sulfur 0.3%
: Found in cartilage,
. insulin (the hormone

' that enables the body to
* ‘use sugar). breast milk.
: N proteins that play a role
* *lin the immune system,
- » ~and keratin, a substance
in skin, hair and nails.

' Chilorine 0.2%
,"Needed by nerves
“to function properly;
"also helps produce
_ Bastric juices.

Sodum 0.2%

lays a critical role
L in nerves’ electrical
o1, ¥gnaling; also helps
regulate the amount
of water in the body.

Magnesium 0.1%
Plays an importam role

in the structure of the
skeleton and muscles;
also found in molecules
that help enzymes use
ATP to supply energy for
chemical reactions in cells.

lodine (trace amount) | A  V——
Part of an essential : 100 150
hormone produced :
by the thyroid gland; MASS N\UMBER
regulates metabo'ism

lron (trace amount)
Part of hemoglobin,
which carries oxygen
in red blood cells,

e RE

of the building blocks of the
body and a key part of other
important compounds, such as
testosterone and estrogen. «

HYDROGEN

9.5%

Helps transport nutrients,
remove wastes and regulate
body temperature. Also plays
an important role in energy
production.

MASS FRACTION
RACTION

MASS FRACTION

MASS |

]lA\Y I—\[‘
MASS NUMBER ’ 100 150
MASS NUMBER

=]

NITROGEN

3.3%

Found in amino acids, the
building blocks of proteins;

an essential part of the nucleic
acigs that constitute DNA.

in digestion,

(Percentage of body weight. Source: Biology, ”,'o <5
Campbell and Reece, c-ghb edition.) e, -



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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r o H
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. t
1
20 28
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Element synthesis network
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Observation

Reaction reduce
2/37?

Neutrino to others
by 2/37?

2002

Davis

Koshiba

Neutrlno detection

Solar neutrino: From question to discovery

Nuclear data
is correct!

Neutrino

has mass!

2015
Fujita
McDonald
Neutrineo

33



Major facilities in China
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First photo JWST &'

 Deep-field photograph

« Captured Near-Infrared Camera (NIRCam)
 Southern Hemisphere, centered on SMACS 0723

e Galaxy cluster in the constellation of Volans.
Thousands of galaxies are visible

e Some as old as 13 billion years

 Highest-resolution image of the early universe
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DISTANT GALAXY BEHIND SMACS 0723

WEBB SPECTRUM SHOWCASES GALAXY'S COMPOSITION
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Joint efforts 73&18

Nuclear astrophysics and sensitivity
study

Direct in Gamow window
(underground)

:

Shell model and mean field

] Reaction rate database
calculation

Direct in higher energy
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RECLIB... -
In-direct measurements

Nuclear input database

RIBF, CSR, NSCL...
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, Rt R R
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Nuclear decay

Shell model and mean field
calculation

CSR, GSI, TRIUMF... Mass and decay rate database
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LUNA I - 3.5 MV
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LUNA and CASPAR nuclear astrophysicsg
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Most silent location: CJPL
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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)
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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
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Results and implication YA

JUNA2021
LUNA2012

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

- - - .
|
| Chinese Acadewy of Scie
6 SCIENCE CHINA PRESS | Weslonal Matwral S¢ & Founda

<GV>1' / <GV>Prcscnt

IF>20
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& L key reactlon for F |n star

Exp.: Jan. 16-25, 2021

1B LV, Zhang, BNU Y
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CNO Cyc
CNO Cyc
Breakout

J.J. He et al., Sci. China-Phys. Mech. Astron. 59 (2016) 652001
L.Y. Zhang, J. Su, J. J. He*, ..., WPL*, 19F(p,ay)®O, PRL127(2021)152702. editor suggestion
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19F(p,ay)°0 reaches Gamow window
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13C(a,n)160 status
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13C(a,n)160: solve the uncertainty
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Big question, big impact, big challenge =4+ K S8RS@ P!: WPL/Y. P. Shen, CIAE
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TABLE IV. Extrapolations of the '“Cla,y)'®O § factor to E.

300 keV categorized by either cluster model calculations are

phenomenological fits. The abbreviations used below are for the gcnéralimd coordinate method (GCM) and potential model (PM) for the
theoretical works and Breit-Wigner (BW), R matrix (R), and K matrix (X) for the phenomenological calculations. Hybrid R-matrix (HR) models
have also been used in an effort to connect the phenomenological calculations more closely to more fundamental theory.
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- New excitement from.JUNA 19F(p,7)'8Ne: CNO break out, explain Ca in oldest known star
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- 7 New excitement fgom JUNA 19F(p,y)2Ne: CNO break out, exbla.in Ca iM™oldest known star
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Nuclear physics is the reason to explain Ca
abundance in oldest known star! And this will help
to support more JWST followup results!
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Dear Weiping Liu,

Congratulations on your new measurements; they seem quite important.

All of our JWST public release photos posted at the NASA web sites are available for
you and Nature to use for a cover image. For example:
www.flickr.com/photos/nasawebbtelescope

If you wish to observe with the JWST, we expect to announce the next call for
proposals in November, and they will be due in January. But stay tuned to our
announcements for maore details.

I'm cc’ing my NASA email address far further discussions.

Dr. John C. Mather
imatherl@umd.edu
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An underground route to grasping
the Milky Way’s oldest stars

Nuclear-fusion experiments performed deep under Earth’s surface reveal one
possible scenario that could have resulted in the chemical abundances found in an
ancient star in the Milky Way.

Marco Pignatari = & Athanasios Psaltis

When the first stars in the Milky Way formed around 13 billion years ago, they consisted
mainly of hydrogen and helium. But other chemical elements — the heaviest being calcium
— have been detected in the atmosphere of one of the oldest-known stars, an amazing
object known as SMSS0313-6708 that lies just 1,800 parsecs from Earth!. Astronomers and
astrophysicists were puzzled, and started to look for ways in which calcium and the other
elements could have been made. The solution, it seems, might be found under Earth’s

surface. In apaper in Nature, Zhang et al.* report nuclear-physics experiments that could AthanaiSCS Psal iiS

support one explanation for the chemical abundances found in SMSS0313-6708 — with

implications for our understanding of other stars in the Universe.

7hang and colleagues’ work was one of the first experiments planned for JUNA. Such underground nuclear

laboratories are already producing invaluable information for researchers simulating stars in the cosmos. The fact

thatthese e\‘perimentscm now achievethe precision necessary toimp“ovethe simulations and compare them

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

JUNA results with previous values
reported by NACRE and lliadis
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JUNAZIPAZRHE A 1R young talent via JUNA (2015-2022)
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» LRP 2015: "A high intensity underground accelerator would be essential for addressing the broad
range of experimental questions associated with the nucleosynthesis in stars.”

e M. Wiescher,

former JINA » Underground accelerator? Yes, but the train is leaving the station, funding for participation in
chair Europe or Asia will help to maintain the scientific role and impact of the US community!

S EEEREMRIEE TSRS TR I EREN; FMESELE, EEXECEEE, NRERS
EENRSTNNEELEXIS, SNRMNSTHOTS

ST 22 A3 AR Gl ER SR (R4 2 E R » Underground accelerator? An underground accelerator laboratory of novel design

e ! would be necessary to maintain if not regain US leadership. To maintain some
‘ OHAE R (B2 T/ SRR i : . . .
M, Eﬁﬂgﬁﬁg;ﬁ{"’:% =5 BRMA] scientific role and impact of the US community in the short term, bridge funding for

S 1E participation in European or Asian efforts are needed!
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JUNA and Super JUNA coverage
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sz Jinping Underground Nuclear Astrophysics Experiment
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