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St. John's Public Lecture, The Pacific Institute of Theoretical Rhysics, Feb.
25, 2009

The Evolution of Stars and the
Creation of the Elements

1. Introduction: The Nuclear Landscape
2. The Evolution of Stars

3. TRIUMF’s New World-Leading
Radioactive Beam Facility
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Hy ' H=2H+e"+v Ht ' H=2H+et+v
(0 = 0.42 MeV) (L = 0.42 MeV,

| _
e +8 —« ¥+ 7 et+eT—y+Y

(Q = 1.02 MeV) - (Q =1.02 MeV)
+ ]*
2H+'H—3He + 7 2H+ 'H—3%He + 7
(0 = 5.49 MeV) (0 = 5.49 MeV)

' '
Y

| 3He + 3He —“*He + '"H+ 'H
(0 = 12.86 MeV)

FigunE 51-10. The proton—proton cycle that primardly ac-
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URANIUM 238 (U238)
RADIOACTIVE DECAY

type of
radiation

F 2R ROV ERRRRERE®

nuclide
uranium—238.
thorium—234
protactinium-—234
uranium—234
thorium—230
radium-—226
radon—222
polonium—218
lead—214
bismuth—214
polonium—214
lead—210
bismuth—210
polonium—210

lead—206

half-life

4.5 x1 Dgyears
24 .5 days

1.14 minutes
2.33 x10%years
8.3 x10%years
1590 yvears
3.825 days
3.05 minutes
*5 8 minutes
19.7 minutes
1.5 x10 " %seconds
22 years

S days

140 days

stable
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Arthur_Stanley Eddington

“If you do not believe that the
elements are created inside the hot
interior of stars, I urge you to go
seek a hotter place.”
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Sir Fred Hoyle
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Sir Fred Hoyle
OSETI 111 Keynoter

L\

o Chandra Wickramasinghe

o School of Maths Space Science

Homepage

o Cardiff Astrophysics Blue Preprints
o Sir Fred Hoyle on Cardiff Web Site
o Books

e Chandra Wickramasinghe on this Web
Site

e Cosmic Ancestry Web Site

http://www .coseti.org/hoyle.htm

Sir Fred Hoyle, a world-
renowned astronomer, is
acknowledged to be one of
the most creative scientists of
the 20th century. He has
held the position of Plamian
Professor of Astronomy at
Cambridge University, and
was also the founder of the
Institute of Astronomy at
Cambridge. He is currently
an Honorary Fellow of both
Emmanuel College and St.
John's College Cambridge
and an Honorary Professor
at Cardiff University of
Wales. He is best known for
his seminal contributions to
the theory of the structure of
stars and ca the crigin of the
chemical elements in stars.
He is a joint proponent of the
Steady-State model of the
Universe, and in
collaboration with Chandra
Wickramasinghe he has
pioneered the modern theory
of panspermia. Amongst the
numerous awards and
distinctions bestowed on him
are the UN Kalinga Prize,
1968, the Royal Medal of the
Royal Society and the Gold
Medal of the Royal
Astronomical Society. In
1997 he was awarded the
highly prestigious Crafoord
Prize by the the Swedish
Academy in recognition of
outstanding basic research in
fields not covered by the
Nobel prize. He is a Fellow
of the Royal Society and a

2/27/2008
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Electromagnetic transitions: (Ci84a, Er84b, Lo84d, Mo 84d, Va84, Ar §5b,

~a 851, Gr 85f, An 86d, Ch 860, Ke 86¢, Sa 8611, Vo 861, Ca 87d, Er 87d, Ra 87, St 87d,
‘a 89b)
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Projectile Fragmentation

Fragment separator

Thin production

target Radioactive ion beam

ISOL

Tramsfer tube, 100 Source

e

Thick, hot target
Driver beam

Isotope / Isobar
Separator

Radioactive ion beam (RIB)
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Fig. 1.1. Solar abundances. Elemental abundances (by number), as observed in the solar system, versus mass number of .

the elements (from Ref. 1).
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