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SITES FOR ABUNDANCE 
MEASUREMENTS

We are star-stuff.  -- Carl Sagan
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Best Known Star: Sun

- Mean distance from Earth:
1.496x108 km = 1 AU 

- Mass:
2x1030 kg

- Radius: 
700 000 km

- mean density: 
1,41 g/cm3

-Luminosity: 
3.826 x 10

- Core Temperature: 
~ 15 MK

- Age: 4,6 Gyr 
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PP-I

Qeff= 26.20 MeV

p + p Ą d + e+ + 

p + d Ą 3He + 

3He + 3HeĄ 4He + 2p 

86% 14%

3He + 4HeĄ 7Be + 

2 4He

7Be + e-
Ą

7Li +
7Li + p Ą 2 4He

7Be + p Ą 8B + 
8BĄ 8Be + e+ +

99.7% 0.3%

PP-II

Qeff= 25.66 MeV
PP-III

Qeff= 19.17 MeV

Netto:    4p Ą 4He + 2e+ + 2 + Qeff

Proton-Proton-Chain
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After H-Burning: AGB Cartoon
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Å Contraction of He core

Å H-burning shell around He core Ą core mass 
increases and contracts

Å Burning in H-shell increases -> expansion & 
cooling of outer layers, sets up convection zone 
near surface.  1DUP:  changes 13C/12C, 12C/14N 
abundances

Å Core contracts further:  3 ĄC and O production 
Ą core and H-shell expansion Ą reduced energy 
into envelope Ą env. contraction

Å Env. puts increased pressure on H-shell ĄH-shell 
burning increases, convection retreats to surface, 
3 core becomes convective

Å He-exhausted in core Ą contraction again, He-
shell burns around core, H-shell + env. Expand 
and cool

Å Another convection zone reaches down 2DUP, 
changes He and N in envelope

Å Interplay between H-shell and He-shell causes 
pulsation (for the student to discover...)

Note: Convection mixes with CNO 
nuclei.  This gives rise to 13C( ,n)16O.

Free neutrons can capture onto stable 
άǎŜŜŘέ ƴǳŎƭŜƛΣ ŀƴŘ ƎƛǾŜ ǊƛǎŜ ǘƻ ǘƘŜ ǎ-
process.  (For student to discover....)



AGB Pulsation
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University of Minnesota's Laboratory for 
Computational Science & Engineering (LCSE)



ÅPulsations can be beautifully imprinted on the 
ǊŜǎǳƭǘƛƴƎ ǇƭŀƴŜǘŀǊȅ ƴŜōǳƭŀ όά/ŀǘΩǎ 9ȅŜέ tbύ

ÅAGB nucleosynthesis abundances

ïImprinted in AGB atmosphere Ą absorption lines

ïShould also be imprinted in PN  Ą emission lines

ÅCNO abundance modifications
ïCarbon enhancements give rise to dust formation

ïDust leads to grain formation

ïGrains lead to abundances (as you will see)

ïHeavy abundances from s-processing from neutrons
ÅTecnetiumςάǊŜŀƭ ǘƛƳŜέ ƴǳŎƭŜƻǎȅƴǘƘŜǎƛǎ
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Discovery of Tcin AGB 
atmospheres proved the 
stellar models and the 
nucleosynthesis to be correct!

Benjamin Peery, ApJ(1971)

NOstable isotopes of Tc!
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5ǳǎǘ DǊŀƛƴǎ ŦǊƻƳ !D.ΩǎΣ ǇŜǊƘŀǇǎΚ



An Enigma: T TauriStars
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Irradiation Environment
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The Internal Irradiation Source

Spallation reactions occur here

ωFlare events from young Sun accelerate light particles to 
млΩǎ ƻŦ MeV
ωSpallation reactions (p,X), (3He,X), ( ,X) produce 
radioisotopes
ωX-ray winds disperse the gas and condensates out of 
production zone
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Radioisotope t1/2

7Be 53 days

10Be 1.5 My

36Cl 0.3 My

41Ca 0.1 My

53Mn 3.7 My

60Fe 1.5 My

63Ni 100 y

92Nb 36 My

91Nb 680 y

Radioisotopes Discovered in the Early Solar System

A mystery: how is this 
possible!



Messengers of the Stars

AllendeMeterorite SiCGrain (0.1τ20) microns

Measurements of isotopic abundances provides a measure
of the nucleosynthesis at the site of origin  Ąmodel constraints



Novae Explosions
Nova Cygni 1992

with HST

Courtesy AnatoliIyudin

-decay of 1st excited state
in 22Ne
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Nova Thermonuclear Reaction Rate

Need to determine:
1. Energy of excited states E
2. Lifetime of the state 
3. Particle- or -Decay branching ratio B

Q

Nova Energy
Window

Different experimental methods:
Direct measurements, with radioactive ion beams
Indirect measurements, with new facilities at Munich



Tarantula Nebula in LMC (constellation Dorado, southern hemisphere) 

size: ~2000ly (1ly ~ 6 trillion miles), disctance: ~170000 ly
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Other Abundance Sites?



Tarantula Nebula in LMC (constellation Dorado, southern hemisphere) 

size: ~2000ly (1ly ~ 6 trillion miles), disctance: ~180000 ly
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YES!


