Section 11.
Origin of the elements in the Universe

11.1 Light elements




Cosmic abundances (atomic number)
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Bigbang nucleosynthesis

N =6.23x10"" Ny= 3.0 Hy= 70.50 km/s/Mpc Tomp= 2.725 K
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http://cococubed.asu.edu/code_pages/net_bigbang.shtml




*

~ 2 sec ~200sec ~300sec ~900sec Time
n/p~1/6 n/p~1/7 Nucleo-

: Life time of neutron
(n decay) synthesis

n/p = exp(—Am/T)

Breakdown of
Equilibrium The first reaction
(T~ 0.7 MeV)

p+n «— D+xy

- After photon energy decreases
(T~ 0.1 MeV)
- Before neutron decay

* Binding energy of D ~ 2 MeV



Big Bang

Nucleosynthesis / "Be(n, p)'Li
N\ 107

'He(a.y)Be PIZIR All neutrons go to 4He

"Li(p.r)* He /

*He 1o, y) Li
1

d(pYYHe s oy idon) He

d(d, n) ' He

m—p(n Y)d— - did, py—-

pern

Cosmic abundance

http://hyperphysics.phy-astr.gsu.edu/hbase/Astro/bbnuc.html

No stable nuclei with mass number of 5 and 8

-

Next reaction will be 4He x 3 inside of stars
(Not possible in bigbang due to low density)



[A/B] =log(Na/Ng) —1og(Na/NB)o
A(Li) = log(Li/H) + 12

Li problem

Li abundance

A Y

T DO gs g
Destruction inside A9
St . 4 plateau??
+
Production by
Cosmic ray
spallation

Metallicity



Cosmic ray spallation (Li, Be, B)

Cosmic ray(p, alpha)
+ targets (C, N, O)
=> Li, Be, B

HD 132475
HD 94028

AN
BD +23 3912 + s
\L/ ¥

Cosmic rays (<= SN)
C, N, O (<= past nucleosynthesis)
=> secondary process (slope = 2)

Boesgaard+06
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Stellar life

Planetary Nebula

Small Star Red Giant

White Dwarf

> ®

Red Supergiant

Large Star

N

Stellar Cloud
with
Protostars

IMAGES NOT TO SCALE (C: Essay Web) * Black Hole



Phase Main reactions Products T
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Element ejection from stars

1-6 Msun: AGB mass loss (Karakas 2010, MNRAS, 403, 1413)
> 10 Msun: supernovae (Kobayashi et al. 2006, ApJ, 653, 1145)
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Dust production in the Universe

AGB IIn IIP IILIIH IIb Ib IC LBV : L L L B

IMF weighted

Kepler

%

o 1E0102.2-7219

©
=
~
g
~

3
>
1))
=

S N SN2006jc |
SN2003gd o :
SN2004et

SN1999em _ : Salpeter N
[ Y
<0K e ; Mass-heavy S

. | — — — Top-heavy
>500Ke - | —-—-- Larson 1
. K Larson 2

IIIIIIIIII|IIIIIIIII|IIIIIIIII:

30 40 50 10 20 30 40 50

Probably dominated by AGB stars Selierel 200

(But need SN in the early Universe)




86

e ()
00
w I .
_ Q<
(V)] + 00 :
© i 17 1] O - -
>3 o
z2»n il 1] . Vil
S A3
" Sie
QY O |
= &
Vi n
O = | I
»w
o
e [
S g
o | &
: §
£ |-
O e
= | 51 .

The origin of elements



Neutron-capture nucleosynthesis

s (slow)-process r (rapid)-process




s-process and r-process
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Cosmic abundances

1 O

“2nd peak” “3rd peak”
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Seed reaction of neutron

PC+%He — °0+n [P

1. Shell burning

(at the bottoms of He H layers)
2. He is enriched

=> Shell flash
3. Convection

=> mixing in the envelope

+ H is mixed to the He layer

4.12C+H=>13N=>13C

13C+ He => 160 + n

=> S-process

12C+1H—>13N+)/
- ’ . BN - BC+et+v
RIFVLWHICDL Shifch (BEEE)

s-process in AGB stars




13C should be produced
under H-poor condition
for s-process

H is provided in the He-burning layer
(unique in AGB stars)

Textbook by Pols



First evidence

Observational evidence Tc (Z = 43, no stable ist)
(Merrill 1952)

Lugaro+16




Seed reaction

s-process in massive stars
(weak s-process)

T>2.5x108K

He burning core 14 N(a,y) 18F(B+v) 180 (a,y) 22Ne

Ga As  Br Rb Y Nb

Zn Ge Se Kr Sr Zr Mo
30 32 34 36 38

Q

N,
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Origin of r-process elements?

Some phenomena related to neutron star

Supernova Neutron star merger

(C) NASA
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Stars keep information
about nucleosynthesis in the past
“Galactic archeology”

Our Galaxy

Thin disk: stars/gas

Thick disk:

~ Halo: stars

Globular clusters



Cosmic abundance
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R-process elements

Lanthanide

X(r) ~ 107
(A > 90)

Solar r-process abundance

120 140 160 180 200
Atomic mass number

Cumulative
mass fraction
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Abundance ratio in Galactic stars (Mg/Fe)

Halo Disk

Sneden+08

























[Mg/Fe]

Core-collapse
SNe

Type la
R —— (thermonuclear)




Abundance ratio in Galactic stars (Mg/Fe)

Halo Disk

Sneden+08
—eeeeee————» Time
Longer delay time for Type la SNe




Our understanding about the

‘nucleosynthesis is correct??




Role as a “clock” in galaxy formation

® Fornax O® Sculptor Sagittarius O® Carina

Tolstoy 08

Fe in dwarf galaxies were smaller
when Type la SNe begun to operate



Abundance ratio in Galactic stars (r-process/Fe)

- a
Halo Disk

r-process

Larger scatter

=> Rare event than
normal core-collapse
supernovae

Sneden+08




High rate Low rate
Low ejection High ejection

Smaller scatter Larger scatter
in abundance in abundance
(e.g., Mg) (e.g., Eu)

Mixing timescale ~ 100 Myr



Assignment 5

Read one paper focusing on chemical elements or metallicity

in your research area and summarize the contents in 2 pages.

(ex.) Measure the metal abundances of galaxy to know XXX.
Phenomena XXX is affected by metallicity because YYY.
An instrument using the property XXX of the element YYY.

In the report, please include following points:
(1) Why you choose that paper

(2) Central problem of the field

(3) Method and uniqueness

(4) Results

(5) Implications
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Summary: Origin of the elements in the Universe

® Origin of the elements
® Bigbang nucleosynthesis: H, He, Li
® Cosmic-ray spallation: Li, Be, B

® Stellar interior: C-Fe
(AGB stars, core-collapse SNe, thermonuclear SNe)

- ® Neutron ca




