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Schedule 

l  Monday, 11:30 am – 12:30 pm 
-  Sources of Nucleosynthesis and Timescales 

l  Monday, 2:30 pm – 5:00 pm 
-  Workshop with Carla Fröhlich 

l  Tuesday, 11:30 am – 12:30 pm 
-  Analytic Models of Chemical Evolution 
-  lots of equations 

l  Wednesday, 11:30 am – 12:30 pm 
-  Measurements in the Galaxy and Beyond 
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Useful links 

http://mahler.ps.uci.edu/issac/ 
gordon.sdsc.edu:/home/train90/ 

 
UCSD_Summer_School_Workshop.pdf 
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Sources of Nucleosynthesis and Timescales 

l  Quick orientation to the elements 
l  Nucleosynthetic sources 

-  Type II supernovae 
-  Type Ia supernovae 
-  AGB stars 
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Nucleosynthesis cheat sheet 

l  Type II SNe: low-mass elements (He, C, N, O), α 
elements (O, Ne, Mg, Si, S, Ar, Ca), some Fe peak, 
r-process? 

l  Type Ia SNe: mostly Fe peak (Sc-Zn) 
l  AGB stars: He, C, N, s-process 
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Nucleosynthetic sources 

l  Major 
-  Core collapse (Type II) supernovae  4-25 Myr 
-  Asymptotic giant branch (AGB) stars  50+ Myr 
-  Thermonuclear (Type Ia) supernovae  0.1?-14 Gyr 

l  Minor 
-  Winds from low-mass stars      ≿ 1 Gyr 
-  Neutron star mergers        ≈ 1 Gyr 
-  Cosmic ray spallation 



10 



11 

l  10-50 M⊙ 
l  17% of stars by mass 
l  0.8% by number 

Core collapse (Type II) supernova 
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Core collapse nucleosynthesis 
(Woosley & Weaver 1995) 

l  pre-explosion 
-  hydrostatic: He, C, 

N, O, Ne, Na, Mg, 
Al, (Si-Sc) 

-  s-process 

explosion 
neutrinos: F 
explosive burning: 

(Si-Sc), Ti-Zn 
r-process 
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Core collapse nucleosynthesis 
(Woosley & Weaver 1995) 

Woosley & Weaver 1995, ApJS, 101, 181    (2300+ citations) 
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Type II delay time distribution 

Z = 0.02:   τ = (9.5 × 109) Minit
–2.8 + (3.6 × 107) Minit

–0.65 + 1.5 × 106 

Z = 0.001:   τ = (6.5 × 109) Minit
–2.7 + (1.0 × 108) Minit

–0.90 + 1.7 × 106 

    dN ∝ Minit
–2.35 dM   (Salpeter IMF) 

τ ∝ M/L ∝ M–
3 
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Type Ia nucleosynthesis 

Iwamoto et al. 1999, ApJS, 125, 439    (500+ citations) 
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Type Ia models: SD vs. DD 

single degenerate double degenerate 
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Maoz, Mannucci, & Brandt 2012, MNRAS, 426, 3282 

Type Ia DTD 
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Type Ia delay time distribution 
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Effect of uncertainty in Type Ia DTD on 
chemical evolution models 

Kirby et al. 2011, ApJ, 727, 79 
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Type Ia models: SD vs. DD 

Maoz, Sharon, & Gal-Yam 2010, ApJ, 722, 1879 
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Asymptotic giant branch (AGB) stars 
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AGB nucleosynthesis 

l  Major elements: C, N, 
O, F, Ne, Na s-process 

l  Mass loss up to 70% of 
initial mass during 
thermal pulses 



24 

Karakas 2010, MNRAS, 403, 1413 

AGB thermal pulses 
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AGB nucleosynthesis 

Karakas 2010, MNRAS, 403, 1413 
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AGB delay time distribution 

Z = 0.02:   τ = (9.5 × 109) Minit
–2.8 + (3.6 × 107) Minit

–0.65 + 1.5 × 106 

Z = 0.001:   τ = (6.5 × 109) Minit
–2.7 + (1.0 × 108) Minit

–0.90 + 1.7 × 106 

    dN ∝ Minit
–2.35 dM   (Salpeter IMF) 

τ ∝ M/L ∝ M–
3 
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Neutron-capture nucleosynthesis 

http://www.nndc.bnl.gov/nudat2/ 



28 



29 

AGB neutrons 
13C(α,n)16O 

22Ne(α,n)25Mg 
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r-process 

Roederer et al. 2008, ApJ, 675, 723 
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r-process 


