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We are stasstuff. -- Carl Sagan
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Best Known Star: Sun

- Mean distance from Earth:
1.496x1@ km = 1AU

- Mass:
2x1CG°%kg

- Radius:
700 000km

- mean density:
1,41 glcnt

-Luminosity:
3.826 x 10

- Core Temperature:
~ 15 MK

- Age:4,6 Gyr
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Proton-Proton-Chain

p+pA d+et+
p+dA °He+y
86% | 14%

! .

*He + He A “He + 2p *He + “He A Be +v
99.7% | 0.3%
PP-I l i
Q= 26.20 MeV

‘Be+e A ‘Li+
‘Li+pA 2%He

PP-I|
Qu= 25.66 MeV

‘Be+pA °B+y
8B A 8Be +e* +
v

2 “He

PP-Iil
Qo= 19.17 MeV

Netto: 4p A “He + 2e* + 2v + Q4

Nuclei in the Cosmos SS 2009



After HBurnlng AGB Cartoon

A
A
Hydrogen-burning shell
\ Hydrogen-rich outer layers
Helium-rich shell ————
\. A
Core
Helium-burning shell
Carbon- and oxygen-rich core A
A
Note: Convection mixea with CNO
nuclei. This gives rise t#éC(,n)1e0. A

Free neutrons can capture onto stable

Contraction of He core

H-burning shell around He co® core mass
iIncreases and contracts

Burning in Hshell increases> expansion &
cooling of outer layers, sets up convection zone
near surface.1DUP: changésC/*°C,*?C/*“N
abundances

Core contracts further3a A C and O productior
A core and Hshell expansio®y, reduced energy
into envelopeA env. contraction

Env puts increased pressure ondHellA H-shell
burning increases, convection retreats to surfac
3a core becomes convective

He-exhausted in cordy, contraction again, He
shell burns around core,-bhell +env Expand
and cool

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

GaSSRE ydOf Az -F YR A Wt@%ayb yeen &sheff and Heshellgauses

process. (For student to discover....)

pulsation (tfor the student to discover...)
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AGB Pulsation

University of Minnesota's Laboratory for
Computational Science & Engineering (LCSE)
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A Pulsations can be beautifully imprinted on the
NSadz GAYy3I LI FYSGHGlNBE ySoc
A AGB nucleosynthesis abundances

I Imprinted in AGB atmosphe® absorption lines
I Should also be imprinted in PA emission lines

A CNO abundance modifications
I Carbon enhancements give rise to dust formation
I Dust leads to grain formation
I Grains lead to abundances (as you will see)
|

' Heavy abundances frompmocessing from neutrons
ATecnetumcd NB I £ GAYSeé ydzOf S2aeyiaKS.



e 96|:|u QBHU 99Ru OORU . 101Hu * 102Ru "163Ru
"‘l? 5.52 188 | [127 [ |126 " 170 7 |31.6 [ 39.3d.
NOstable isotopes ofd :
2Mo 94Mo ] Mo 9%6Mo 97Mo 100pM0
14.8 9.25 15.9 167 |9.55 9.63
Tl Tel
262 ﬁ 297.0

Discovery oficin AGB
atmospheres proved the
stellar models and the

nucleosynthesis to be correct!

BenjaminPeery ApJ(1971)
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An ErnggmaaT Tau Stars

- B T et B

HH30 || ' HH34

......

B - HH47

> v’
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Jets from Young Stars HST - WFPC2
PRC95-24a + ST Scl OPQ : June 6, 1595
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (ST Scl), NASA
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HH30

Irradiation Envsonment
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The Internallrradiation Source

REVRY A7 Lift-Off and
. A s CAIl crystallisation
-, & 4
' JHpolar Olutfiow ;i A
.\ 1 -" _,-" )" i~
Y 'L. .' i

< X-Wind
Funnel Flow X
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L e .rl__.-"l-. . ‘.""-_:"'-.I‘ : 41.‘
X-REGIRN e Accretion Disc el

Irradiation of
a gaseous target |

wFlare events from young Sun accelerate light particles to
Mn QBleVZz T

uSpallation reaction(X), CHe,X), &,X) produce
radioisotopes

wX-ray winds disperse the gas and condensates out of
production zone
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Radioisotopes Discovered in the Early Solar Syst

Radioisotope Ly
,;\Or;l;/i%tleer!y: how is th@ 53 days
10Be 1.5 My
36C| 0.3 My
4lCa 0.1 My
>3Mn 3.7 My
60Fe 1.5 My
63N 100y
92Nb 36 My

9IINp 680 y



Messengers of the Stars

SiCGrain (0.1 20) microns

AllendeMeterorite

Measurementf isotopic abundances provides a measure

of the nucleosynthesis at the site of orighy model constraints



Novae Explosions

Nova Cygni 1992

o
)
"

ad 0.7
on, o 0.00018

416 s

B5.357...
 0.0095 | v351;1395...

Cassiopeia 1995

in

<« Y-decay of # excited state
i in 22Ne

Counts per energy

CourtesyAnatolilyudin

1500 2000 2500 3000 3500 4000 4500
Energy (kev)



Nova Thermonuclear Reaction Rat

(O'I/") = (MkT) Z wy;e kT
B+ 1 [,L, h
= g(1—B,)B, —

(2], +1)2Jx + DI, + Ty T

wy =

Need to determine:

1. Energy of excited states E

2. Lifetime of the stater

3. Particle or y-Decay branching ratio B

Nova Energy
Window

Different experimental methods:
Direct measurements, with radioactive ion beams
Indirect measurements, with new facilities at Munich
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Tarantula Nebula in LMC (constellation Dorado, southern hemisphere)
size: ~2000ly (1ly ~ 6 trillion milesyisctance~170000y 17



YES!

Tarantula Nebula in LMC (constellation Dorado, southern hemisphere)
size: ~2000ly (1ly ~ 6 trillion milesyisctance~180000y
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