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Composite image of the
Cat’s Eye planetary
nebula. This object results
from several episodes of
stellar winds emanating
from the central star
which is now in the

he Cat’s Eye planetary X
nebula. (Credit: R. Corradi| Process of becoming a
ith the NOT telescope). | white dwarf.

G2920+1.8: A
supernova
remnant coming
fromastarof
great mass which
ejected alot of
oxygen, magnesium
and neonintothe
interstellar
medium.

G292.0+1.8 in X-rays. Credit :

NASA/CXC/SAO .

Representation of the
collision of two

Ml stars. Gold, uranium and

| fll other heavy elements in
B the Universe are
believed to have formed
during such an event.

Artist view (Dana Berry,
SkyWorks Digital).
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Some of the elements formed in stars

are ejected into the interstellar medium
while the rest are locked up forever in
the ‘stellar corpses’ that are white
dwarfs, stars and black holes.

Stars with a mass of less than &
times that of the Sun disperse their
outer layers in a peaceful manner,
ejecting nitrogen, carbon and some
elements heavier than iron.

The more massive stars end their life
in a spectacular explosion, a supernova,
and expel carbon, oxygen, neon,
magnesium and silicon, among others.
Other heavy elements, such as gold
and uranium require a very high density
of to form, and this is more
likely to happen in neutron star
collisions.
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Mass percentage of the chemical elements
in different locations

Num. of Solar Earth’s Human
protons | system crust body
H 1 70.5 0.14 9.5
He 2 27.5 - -
C 6 0.30 0.030 18.5
N 7 0.11 0.005 3.2
o 8 0. 96 46.6 65
Si 14 0.065 27.7 0.00002
S 16 0.040 0.050 0.3
Ca 20 0.006 3.6 1.5
Fe 26 0.117 5.0 0.006
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From the Big Bang to us

When the Universe was very dense
and hot (T = 1072K), shortly after
the Big Bang®, it contained only
elementary particles of matter
(quarks, electrons, neutrinos) and
‘grains’ of light called photons.
As they cooled, the quarks combined
into and in equal
amounts. But as the temperature
dropped, most neutrons turned into
which are less massive. When
the temperature fell below 10°K,
therewere 7 for every

and then combined
to form nuclei. The most stable
nucleus that could be formed at that
time was . All the available

were used to form s
giving one nucleus for every 12
hydrogen nuclei at the end of the
primordial epoch.

*see tuimp 12
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Atoms are the elementary constituents of
matter. They consist of a nucleus (which
contains and ) and of

. Atoms combine into molecules by
sharing their . The cells of the
human body are made up of billions of
molecules.

The history of stellar nucleosynthesis:
Robert d'Escourt Atkinson A published his
article "Atomic synthesis and stellar
energy" in 1931. Hans Bethe B identified in
1938 and 1939 the two mechanisms that
transform hydrogen into helium in stars.
Fred Hoyle showed in 1946 how the
elements are synthesized from hydrogen.
Margaret and Geoffrey Burbidge, William
Fowler and Fred Hoyle B2FH published in
1957 their very detailed article "Synthesis
of the elements in stars" and, the same
year, Alastair Cameron C published "Nuclear
reactions in stars and nucleogenesis".
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The star Planet Jupiter
Betelgeuse

Planetary nebula

IC418
A creside: a gold
coin, struck by King
Croesus in the 6th
century BC. in Lydia
Answer

The Crab supernova

ek hant Goldis thought to

form during the
collision of neutron
stars like the one
shown in this
picture
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The Universe in my pocket No. 14

This booklet was writtenin 2020 by
Grazyna Stasitiska of the Paris Observatory
(France) and revised by Nikos Prantzos
from the Paris Institute of Astrophysics.

Cover image : extract of a painting by
Jjapanese artist KAGAYA

Tolearn more about this
series and about the topics
presentedinthis booklet,

ot

Translation: Stan Kurtz @ @ @ @
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Ourbodies are made up of water
(63%), proteins (20%), fat (10%),
sugars (2%) and various minerals (5%).
Since chemistry was developed, at the
end of the 1&th century, we know that
all these materials are composed of
complex molecules which contain
atoms of hydrogen, carbon, oxygen and
other elements in smaller quantities.
These elements are exactly the same
as those found in plants, in the Earth's
crust and in the atmosphere.
Using spectroscopy, astronomers
have shown that these same elements
are also found in stars. But it was not
until the middle of the 20th century
that astronomers succeeded in
understanding the origin of these
elements and in discovering the very
close link which connects us to the
stars.



