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Current State of the Art Yields 
•  The most boring part of stellar evolution? 
•  Or is it isochrone construction? 

•  Run lots of models and collect numbers… 

•  Well – its not that easy 
•  But its not exciting by itself 
•  Although the implications/results are fascinating 
•  Hence the need for more and better yields 
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What is needed? 
•  Reliable models for all masses and 

compositions… 
•  Very demanding: from low mass to 

hypernovae 
•  Novae?  

– Small role…13C and some other things… 
•  Binaries? 

– Usually ignored (except for SNI!) 
– Very good at ending evolution early… 
–  eg see Rob Izzard’s thesis 
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Binaries: Rob Izzard’s thesis 
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Binaries: Rob Izzard’s thesis 
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Binaries: Rob Izzard’s thesis 
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But- back to reality 

•  We provide yields for AGB models 
•  ie masses between 1 and 8 M 

•  We assume others provide massive star yields 

•  Super-AGB I will discuss separately 
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Usual Inputs 

•  Stellar model inputs as usual 
•  Detailed reaction rates now important… 

– May not affect structure 
– But definitely affect yields 
– Models more reliable than yields! 

•  Mass-loss ends the AGB – crucial input! 

•  Some other caveats discussed later… 
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Current State of the Art 
•  Karakas and Lattanzio (2007, PASA) 
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Current State of the Art 
•  Updated by Karakas (2010, MNRAS) 
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Typical Results 

12C for Z=0.02 

Our detailed models 

Others are various  
synthetic models! 
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Current Problems 
Warning: Personal Bias to GCs! 

•  Mg isotopes! 
– Many obs show 25Mg ~ constant 5% of total Mg 
– Theory shows it varies from 0-100% 
– But 26Mg is roughly constant! 

•  Depleting enough O for globular clusters 
remains difficult 

•  Making enough 23Na is hard 
–  It leaks into 24Mg at high T 

•  Many others… 
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Warnings 

•  No 13C pocket formed in these models! 
•  Small effect on light elements 

– See Karakas (2010) 

•  We need to include the post-Fe elements 
– AGB stars are big s-processors….so include it! 

•  What about deep-mixing? 
–  It happens… 
– But its been ignored! 
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The Beatles 
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MonKey – a new Set of Yields 
•  Latest rates at time of calculation 
•  Fine grid in mass and composition 
•  Includes 13C pocket (std form) 
•  Includes all species up to Pb and Bi 
•  Includes thermohaline mixing  
•  Includes effect of enhanced C (from dredge-

up) on envelope opacity 
•  Includes effect of enhanced N (from HBB) 0n 

envelope opacity  
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MonKey – a new Set of Yields 
•  Includes Super-AGB models for “second” time 

–  Siess did the first! 
–  Siess models use some mixing approximations we do not 

like much… 
–  Siess models use large amount of synthetic evolution to get 

through lots of pulses (see instability talk!) 

•  Consistent initial compositions at low Z 
–  For very low [Fe/H] we take our mix from Z=0 yields  
–  Mix this with Big Bang material to get required [Fe/H] 
–  Use this as initial composition (not a scaled solar 

abundance) 
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Super-AGB stars 

•  Carolyn Doherty’s thesis 

•  Co-supervisors 
–  Pilar Gil Pons 
–  Lionel Siess 

•  Detailed evolution and nucleosynthesis 
–  See earlier for new work on instability ending SAGB 

lifetime? 
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Super AGBs 
•  Intermediate mass ~ 6.5 -11.5 M stars 

–  Depends critically on mixing during core He burning phase 
•  Undergo core H & He Burning 
•  Off centre degenerate carbon ignition  
•  2nd Dredge Up (or dredge out!) reduces the core mass 

below MChandreskhar. 
•  Thermally pulsing Super AGB Phase 
•  Final fate determined by the competition between the 

growth of the core and the rate of mass lost from the 
envelope 
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Stellar Models 

•  Post Processing code MONSOON  

•  Reaction rates from JINA   

Evolution Nucleosynthesis  
•  Z=0.02, 0.004, 0.008, 0.001,  
   10-4   (<10-5)  

•   M= 6.5 - 9.4 M 
–   Approx 0.5M steps 

•  ZAMS – End* of TP-(S)AGB 
•  Effects of different Mass loss 

rates and different mixing 
length parameter. 
    

77 Species 

500+ 
Reactions 
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Lives of intermediate mass stars 
prior to carbon ignition 

Z=0.02  
Z=0.008  

Z=0.004 
Z=10-3  

Z=10-4  
Z=10-5 
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Carbon burning 



Sep-1-11 KraftFest 2011 23 

Dredge Out 

Carbon 

burning 

Helium 
burning  
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Overview of TP-SAGB Phase 
•  ONeMg Core 
•  Many TPs (50 - 500+ ) 
•  Mdot > 10-5 M ☼ per year 

(VW93) 
•  1.06 M ☼ < MC < 1.37 M ☼ 
•  Between 3-4 Million time steps 

HOT BOTTOM BURNING 

• Very hot T BCE > 100 MK 

THIRD DREDGE UP 

Efficient Dredge up          
0.6 < λ < 0.9  

THERMAL PULSE 

THeShell > 350MK 

Time 

LHE 
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Third Dredge Up 

•  Studies by   
–  Siess (2010)   
–  Ventura & D’Antona 

(2011) 
–  Poelerands (2008) 

   find NO 3DU.  
   But we have efficient 

3DU (albeit of small 
mass) 

Z=0.02  
Z=0.008 
Z=0.004 
Z=10-3 

 Z=10-4 
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Rubidium Rich SAGBs? 
•  Galactic, LMC and SMC massive O rich AGB 

stars show overabundance of Rb 
•  Larger overabundances of Rb correlate with 

larger Vexp and larger Mbol 
•  Vexp and Mbol both correlate with mass 
•  This suggests most massive AGB (Super AGB) 

Van Raai (2008)  

Rb primarily an r process 
element but some s process 

production via large n flux via 
22Ne(a,n)25Mg  
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Very Hot HBB: T ~ 150 MK! 
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21Ne 

13C 

1. C+N+O constant ??? 
2. O –Na anti-correlation? 
3. Mg –Al anti-correlation 
4. Mg isotopes? 
5. C-N anti correlation 

Globular Cluster Abundance Anomalies 
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CNO Yields: 
    12C & 13C 
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CNO Yields: 
     14N & 15N 
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CNO Yields: 
 16O, 

17O, & 18O 
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4He  
Super AGBs very large producers of 4He,  

primarily due to deep 2nd Dredge up. 

Z=0.02  
Z=0.008 
Z=0.004 
Z=10-3 
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7Li  

Z=0.02  
Z=0.008 
Z=0.004 
Z=10-3 

Large producers of 7Li 
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Summary 
•  We have explored a large range of masses and metallicities for 

these Super AGB stars 

•  They undergo third dredge up!  

•  Super AGBs are more complex than AGB stars! 

•  With current recommended reaction rates these models do not 
match the observed globular cluster abundance anomalies  

•  Need to resolve end of AGB and the convergence problems 

•  Need to run complete s-process network through hundreds of 
pulses per star… 
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CAIRNS	  	  CONVENTION	  	  CENTRE	  	  -‐	  	  AUSTRALIA	  

2012	  Nuclei	  in	  the	  Cosmos	  -‐
Interna?onal	  Symposium	  on	  

Nuclear	  Astrophysics	  

05-‐10	  August	  2012	  
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Sessions on 
 - Nuclear reaction rates and stellar modelling  
 - The s-process 
 - Nuclear properties for astrophysics 
 - Explosive scenarios 
 - Novae and X-ray bursts 
 - SNIa and the p-process 
 - High density matter 
 - Core collapse SN, mergers, and the r process  
 - The early Universe 
 - Radioactivity 
 - Meteorites 
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