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origin of elements

N7/

Human Body Ingredients

The four ingredients below
are essential parts of the body’s Other Key

Hfth#% = (2H,3He,5Li,7Li)<0.00001

He, 25%

protein, carbohydrate a

architecture. V' - %

OXYGEN

65.0%

Critical to the conversion
of food into energy.

CARBON

18.5%

The so-called backbone

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

HYDROGEN

9.5%

nd fat

Elements

Calcium 1.5%
Lends rigidity and
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.

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

Sulfur 0.3%

Found in cartilage,
insulin (the hormone
that enables the body to
use sugar), breast milk,
proteins that play a role
n the immune system,
and keratin, a substance
in skin, hair and nalls.

Chlorine 0.2%
Needed by nerves

“to function properly:

also helps produce

Qastric juices.

Sodium 0.2%
Mays a critical role
in nerves’ electrical
signaling: also helps
regulate the amount
of water in the body.

Magnesium 0.1%
Plays an important role
in the structure of the

l—\_l l—\_l —
, ’ / skeleton and musdes:
— Helps transport nutrients, also found in molecules
remove wastes and regulate that help enzymes use
L Y —

body temperature. Also plays
an important role in energy
production.

Found in amino acids, the
building blocks of proteins;

an essential part of the nucleic
acids that constitute DNA.

ATP to supply energy for
chemical reactions in cells.

lodine (trace amount)
Part of an essential
hormone produced

by the thyroid gland;
regulates metabolism
Iron (trace amount)
Part of hemoglobin,
which carries oxygen

in red blood cells.

Zinc (trace amount)
Forms part of some
enzymes involved

in digestion

(Percentage of body welght. Source: Biology, THES
Campbell and Reece, eighth edition.)
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EiRxiRSE stellar burning
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Primordial and stellar elements syntheses

Primordial
H._burning stage

He-burning /

/ ST
@ Black Hole\ burning

/neutron star
process
\ Supernovae
Si/Fe
burning tational

collapse
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Primordial and stellar elements syntheses

H-burning

He-burning /

/ ST
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Nuclear reaction:

alchemist in universe

10 & H burning

Peak: finger print of
nuclear physics:
Shell model magic
number

Logarithm of relative abundance

0 50 100 150 200 250
Atomic weight
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Nuclear reaction:

alchemist in universe

H
10 H burning

Peak: finger print of
nuclear physics:
Shell model magic
number

Logarithm of relative abundance

Atomic weight
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Nuclear burning inside sun

otons take a long and tortuous path

200,000 years
Photon

X 2 seconds

Neutrino Ve

Neutrinos zip though quickly
202145H +i§2021
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Nuclear burning inside sun

Nuclear reaction network in the Sun

99.77% 0.23%
p+p—>d+e* e p-o-e'-o-|;)—>d--ve

4

o o~ 59
84.7% o) e } 2x10% %
I 138%
R —PHe + He —»7Be +y |
PHOLOS) 13.78% 0.02%

h 4 \ 4

7Be+e'—>7Li@ ‘Be+p—>8B+y

Li + p ->a+a

88 — 8Be*+ e
+
s He+p—a+e'+v,

SHe+3He—a+2p

Three paths leading to neutrinos are called pp-I, pp-II 16
Neutrinos and pp-III chains, respectively.
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Combination of stages

rp-process in
x-ray bursts

Number Z of

Mass number 195

r-process
82

Calcium o
(20)

-~
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Combination of stages

Number Z of protons

Ca

202145H
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Some of the great discovery of astrophysics

- 3K microwave background radiation, 1965,
experimental support for Big-Bang theory

- Detection of solar neutrino, 1960, gave the hints
of neutrino oscillation

- Detection of 26Al y-ray, 1980, direct support of
explosive nuclear synthesis, and triggering y -ray
astronomy

- Detection of SN1987A supernova explosion, 1987

- Experimental explanation of solar neutrino missing,
2003

20214%5H £i52021 18
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- What is the nature of the nuclear force that binds protons and neutrons into stable
nuclei 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?JTH= LR

- What are the nuclear reactions that drive stars and stellar

explosions?IX o8 2B IR X% R
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Element syntheS|s network
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Element syntheS|s network
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Element syntheS|s network
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Important nuclear physics data

-+ S-factor, focus on NP, down to astrophysics
energies

- Reaction rates, direct input to network
calculation

- Direct capture, direct reactions

- Resonance, level scheme, level width, and
partial width

- Mass and decay half-life and branching
ratio

20214%5H £i52021 23
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How elements become heavier

{n,y)
741 A+1
> |z+1 >
(&) (&)
(n,y) (n,y)
A-1 A A+l
- =
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Neutron Star

interior topology

W. P. Liu 2 R,,~ 30 km

outer crust
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1\Maxwell-Boltzmann distribution
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2, HIB¥ZF, Phys. Rev. C 87 ,024312 (2013)

Isotope  Typ(ms) Cu %0 & 32 330—7 ?15—8 350-7 ?éo-?
A
Present NNDC P T I\"
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Work Ni |[35-7|8.0-3 9.0‘—3 2.0[2\4.5[2 1.0-1 | 1.9-1
53N1 5245 554+0.7 | | \3 I
C > §95_a ?00—2 210—2 220—2 2.6} 345—1
54Nii 111£6  104+7 o '? \14 \'OA\* '14 N '14\‘ A
I |
47 48 4 \52 %3
2Co 108+4  115+23 Fe [10°2]30°2|75-2|10°! 257! | 3.0 | 512
Ay A A\QA \A
| | | | I
1+0a 46 50 1 52
53Co 248+12 2l Mn | 15-2 | 3.0-2 | 3.0-2 B8 1| 761 | 2.8 6.84
2474120 \ B f RN
| I T T .
45 i -1 g |Y9 |50 51
51Fe 298+5 30545
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A 1E-2-1E-1
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gray box: stable
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Y P Shen, B Guo*, et al, PLB 797 (2019) 134820
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L) L) Ll
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Uncoupled Sum

Uncoupled 350 - — —

Uncoupled 2Dz -~~~
Coupled Sum ——
Coupled 350 - - -
Coupled 2Dz =++++=++ -

al Nuclear Corporation

11B En_,\lé' mEEI 2

SA for 11B ground state

35, 2D, BSO/ZD2
Coupled 0.66+0.09 0.7310.09 0.90
Kurath -0.509 0.629 0.81
Rudchik -0.638 -0.422 1.5

Relative error

Uncertainty source

20, 35y
Entrance channel potential 2.1% 1.5%
Exit channel potential 5.1% 8.3%
(a-+d) binding potential 8.9% 3.5%
(a+"Li) binding potential 5.2% 3.4%
ANC for a+d— °Li 4.7% 4.7%
Target thickness 5.0% 5.0%
Statistics 2.6% 2.8%
Total 13.8% 12.2%
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TABLE 1. Present ANC of the 0 GS and other fvailable
results in the literature.

Reference ANC (fm~1/?) M/;hod
Adhikari (2009) [14] 13.9+2.4 0+Pb break
3390 (WS1)
Morais (2011) [16] 1230 (WS2) 2c('%0, *C)'0
750 (FP)
Sayre (2012) [11] 709 R-matrix
Adhikari (2017) [15] 637 + 86 20("Li, )10
Present 337 + 45 Zc(MB,"Li)'*0
10°
N A == L\ g = 10"
o Q3DWLIBIN S DHE g 107
£
© BORGETUAR, HEE g,
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Hef ®

. SARTEV, (1B )RS w0

DWBAItTH (160 g.s.)
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4] - ANC, =337(45) fm
10 'k T ANCgy = 1.559)x10° fn™ (this work)
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Center of Mass Energy (MeV)

-matrix calculation by R. J. deBoer
E N N C China National Nuclear Corporati

Y. P. Shen, B. Guo*, R. J. DeBoer*,

ZZE IR SINZEFEE
Bl R EMZAFERSIENZI70%

» Astrophysical Impact

45% > 70+7 keV-b 1}'55%
140* > 162 keV-b 1116%

* R. J. deBoer et al, Rev. Mod. Phys. 89, 035007 (2017).

W OESANCHE S ZieE TSETRE

SEF1ZZE50% = 10%
et al.
Phys. Rev. Lett., 124, 162701 (2020)

1.

Y R IEERIPRLF R AT

To my knowledge this isZ the first time the
GS ANC is extracted using the 12C("B,
7Li)160.

The 12C(a,y) reaction is a long-standing
issue in nuclear astrophysics ... The
appearance here is that (1B, 7Li) with the
chosen kinematics satisfies both direct and
peripheral criteria.”
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Solar Detection
neutrino < efficiency
detector on
earth
A
ﬁ:bat:ino < RNB
problem Neutrino experiments
property
\ 4 I
Prediction of |4
solar model
‘—
Neutrino
production
cross section

Predicted reaction rates = Absorption cross section (nuclear physics input, e.g.
37Ca or *°Ti B-decay)x Solar neutrino flux (solar model + nuclear physics input,
e.g. 'Be(p,y)®B reaction)
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Where does neutrino come from?

Sun MSW Eftect

oscillation v, Dv,) S‘; 1987

\ Solar /

Neutrino

Nuclear Reaction \ / Neutrinos form
pp:p+tp22H+e +u, Eath

Supernovae
pep: pte+p—=2>2H+u,
Detector

(Homestake, Gallex, SNO
Sage, Kamiokande, ICARUY)

'Be: 7Be +e-27Li+u,

SB:8B 28B*+ et +u,
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Indirect method for "Be(p,y)8B

W.P. Liu, PRL77(1996)611
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Indirect method for "Be(p,y)8B

RIB production

| W.P. Liu, NIM B204(2003)62

W.P. Liu, PRL77(1996)611
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Indirect method for 7Be(p,y)éB

RIB production (d,n) or (d,p) measurement
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Indirect method for 7Be(p,y)éB

RIB production (d,n) or (d,p) measurement
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Indirect method for 7Be(p,y)éB

RIB production
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ANC method

For peripheral transfer reaction: B(d,n)A

\

two virtual captures: g
B+p=2>A

n+pop =2>d
two ANC’s : Cgp and C;;

nuclea coulomb

aQ

A 2 d 2
dO (CBplAjA ) (Cnpldjd ) o DWBA
bz 2 Lyjalaja
Bpl,j~npl,j,

(C,Z;)z = 076fm_1 known value
do

A4 \2 can be obtained from (—
(Cy) ( Q)
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The Cross Section for E1 Capture

BUELm = Jm) =61 +1)(21 +1)EE‘ i
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Results—7Be
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Energy Loss (MeV)

Results—7Be
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I8 | Results—Be
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ICARUS and neutrino oscillation

Two process:
Absorption
V. + 40Ar 240K* + e-

40K * 40K +
yte 2y +e”’

M(e) =2
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4071 and 40Ar Mirror symmetry

Mirror symmetry 1n mass 40
|
|
|
|
|
|
|
|
|
|
|

[sospin Mirror

T
“ -1 -2
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4071 and 40Ar Mirror symmetry

Mirror symmetry in mass 40

40ATr + p—0K +n
40Ar +v,—— 40K*

|

|

|

39Ar—|—p -------------- 758 :
438 TAS 0+ :

v, — |
Y |

4

[sospin Mirror

g +2 +1 -1 -2
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4071 and 40Ar Mirror symmetry

Mirror symmetry in mass 40

4OAr + p—40K +n 40Sc +et +tvu,

I
40Ar +v,— 40K* | B+ A0Ti 0
I
39AT + p 71.58 :
4.38 IAS 0+ | 0t 4.36 IAS

v, — I
Y E I

WK ar | 40

0t oAr  -1.5 | Sc
[sospin Mirror
g +2 +1 -1 -2
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Focal plane detectors
%on
Slit @

Mwpe  SC A Degrader

MUSIC [ Nal array

40T1 beam
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selection
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Delayed coincidence technique

— 5s :
SIS
Beam
Other 4Ti e

Heavy- I I I I
ion |

' 200 ms
Decay signal I
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40T B-delayed protons
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Reaction rates for ICARUS
B(GT) + B(F) from this work

o/B-E, relation from

Ormond et al., Phys. Lett. B345(1995)343.

-> Absorption cross section = 13.8(6)E10-10 pb
8B solar neutrino flux of

F=6.6(1.0) x 106 cm-2s-1 (Bahcall et al. )
—->1CARUS reaction rate

9.1(1.4) SNU (once for two days)

=2.6 (Fermi) + 6.5 (Gamow-Teller)
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Short summary

Solar Detection 40Ti B-decay, OK
neutrino < efficiency >
detector on
earth
A
Solar
. RNB
neutrino < 2-3 time diff :
problem till ’ Neutrino experiments
st property
\ 4 I
Prediction of |4
solar model

Neutrino
production

cross section
7Be(d,n)eB
reaction, correct

The missing of solar neutrinos must come from other reasons than
nuclear reaction and detector efficiency, (neutrino oscillation).
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- Even with simple device we can still today
attack most important problems

- But, one should be very careful and should
work hard (sometimes for long time)
experimental developments, everyone knows

physics, but the key is to get more precise
and background free data
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