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Schedule

Monday, 11:30 am — 12:30 pm

— Sources of Nucleosynthesis and Timescales
Monday, 2:30 pm — 5:00 pm

— Workshop with Carla Frohlich
Tuesday, 11:30 am — 12:30 pm

— Analytic Models of Chemical Evolution

— lots of equations
Wednesday, 11:30 am — 12:30 pm

— Measurements in the Galaxy and Beyond




Usetul links

http://mahler.ps.uci.edu/issac/

gordon.sdsc.edu:/home/train90/

UCSD Summer School Workshop.pdf



http://mahler.ps.uci.edu/issac/

Sources of Nucleosynthesis and Timescales

* Quick orientation to the elements

e Nucleosynthetic sources

- Type Il supernovae

— Type la supernovae
- AGB stars
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Nucleosynthesis cheat sheet

 Type II SNe: low-mass elements (He, C, N, O), o
elements (O, Ne, Mg, S1, S, Ar, Ca), some Fe peak,
r-process?

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

 Major
— Core collapse (Type II) supernovae  4-25 Myr

— Asymptotic giant branch (AGB) stars 50+ Myr
— Thermonuclear (Type Ia) supernovae 0.1?-14 Gyr

e Minor
— Winds from low-mass stars > 1 Gyr

— Neutron star mergers ~ 1 Gyr

— Cosmic ray spallation
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Core collapse (Type II) supernova

. 10-50 M

e 17% of stars by mass
e 0.8% by number

“Timescale

Stage

H burning 7 million years

He Burning | 0.5 million years

C Burning | 600 years '
Ne Burning | 1 year

O Burning 6 months

Si Burning 1 day




Core collapse nucleosynthesis
(Woosley & Weaver 1995)

e pre-explosion e explosion
— hydrostatic: He, C, — neutrinos: F
N, O, Ne, Na, Mg, — explosive burning:
Al, (S1-S¢) (Si-Sc), Ti-Zn

— §-Process

— r-process




Core collapse nucleosynthesis
(Woosley & Weaver 1995)

log Mass Fraction
log Mass Fraction

Interior Mass Interior Mass
FIG. 10a FI1G. 10b

FiG. 10.—Final mass fractions of the major abundances — 'H. “He, '*C, '°O, **Ne, *Si, and **Ni—(a) the inner 5 Mo of a 15 My, solar metallicity
supernova ( model S15A): (b) the inner 12 M, of the ejecta of a 25 M, solar metallicity supernova (model S25A). Each had an explosion energy of 1.2 X

103" ergs ( Table 3).

Woosley & Weaver 1995, ApJS, 101, 181 2300+ citations)




TABLE 19
THE ORIGIN OF THE LIGHT AND INTERMEDIATE-MASS ELEMENTS

Species Origin Species Origin Species Origin
'H BB 29Gi Ne,xNe S0 nse-Ia-MCh
’H BB 308; Ne,xNe S0y Ne,xNe,xO

3He BB,L* Slp Ne,xNe Sty a,la-det,xS1,x0,v
‘He BB,L* H 32g x0,0 50Cr xSi,xO. o, Ta-det
5Li CR 33G x0,xNe >2Cr xS1,a,Ia-det
L1 BB,v,L*¥ CR 34g x0,0 S3Cr x0,x51
9Be CR 368 Ne,xNe S4Cr nse-la-MCh
108 CR 3Cl1 x0O,xNe,v SSMn Ia, xSi, v
11 v 37C1 x0,xNe >4Fe Ta,xSi
12C L* He 36Ar x0,0 :SFE xS1,]a
13C L* H 38Ar x0,0 Fe xSi,Ia
14N L* H 40Ar C,Ne 58Fe He(s),nse-Ia-MCh
ISN Nova,v 39K x0,0.v >3Co He(s),a,la,v
160 He 40K C,Ne ZsNi a,la
170 H 41K xO Ni a, He(s)
180 He 1Ca x0,0 SINi a,la-det,He(s)
19F v,He 2Ca xO S2Nj a,He(s)
20Ne C 43Ca C,Ne 4Ni He(s)
2INe C,He(s) 44Ca a,la-det 3Cu He(s),
*2Ne He 4°Ca C,Ne **Cu He(s)
23Na C,He(s),H 48Ca nse-Ia-MCh 647n He(s),x
24Mg C,Ne 458 a,C,Ne,v 66Zn He(s),a,nse-Ia-MCh
Mg C,Ne,He(s) 40Ty x0, Ia-det $7Zn He(s)
Mg C,Ne,He(s) 47T x0, xSi, la-det 68Zn He(s)
2741 C,Ne 487 xSi,la-det
28Gi x0,0 49T xSi,He(s)




Type II delay time distribution
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Type Ia nucleosynthesis
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Fi1G. 12.—Ratio of abundances to solar predicted in model W7 (thisis a
recalculation of the 1986 model [Thielemann et al. 1986] with presently
available updated reaction rates and a screened NSE treatment for tem-
peratures beyond 6 x 10° K, as described in Hix & Thielemann 1996).
Isotopes of one element are connected by lines. The ordinate is normalized
to *°Fe. Intermediate mass elements exist but are underproduced by a
factor of 2-3 in comparison to Fe-group elements. Among the Fe-group,

3*Cr and **Ni are overproduced by a factor of 4, which exceeds the permit-
ted factor of ~ 3.

Iwamoto et al. 1999, ApJS, 125, 439  (500+ citations)




Type Ia models: SD vs. DD

single degenerate double degenerate




Type la DTD

L e ]
\\
1 \\ ]
_ 001 % _
l/-—-\ I \“\ I]: =]
[0} L Ir\-\ i
= - - _ §
2 I~ L & ] T 7
o i T P T .
— ™ T _
b “H". \\. } ‘C‘J
- 0.001 iy AP =
I - : e T 3
s_' —- N . e I 1 |
> C == ’
= i “5 f il
n N
L. | ) Q j 1
\\
. Ny
0.0001 = ]
= 1 1 1 1 1 Jl 1 Il 1 L Il L} l[ Il L 1 1 L 1 1 1[
0.1 1 10

Delay Time [Gyr]

Figure 1. Recovered SN Ia DTD for the SDSS2 SN sample. Filled red circles mark the best-fitting DTD values for each time bin, whose time range is indicated
by the horizontal error bars. Vertical error bars show the Gaussian 1o uncertainties. Red dashed line is the best power-law fit, with index —1.12, to the recovered
DTD. Previous DTD measurements also shown are as follows: M11 analysis of the nearby LOSS sample (empty blue squares, with central values slightly

shifted to the left, for clarity); Maoz et al. (2010) analysis based on SN Ia rates in galaxy clusters (empty black circles); and t~! power-law DTD found by
Graur et al. (2011), based on comparison of volumetric SN Ia rates and cosmic SFH (solid green line. with dotted lines marking the 1o range).

Maoz, Mannucci, & Brandt 2012, MNRAS, 426, 3282




Type Ia delay time distribution

Uy, ~ 10737711 SN Gyr~! M51 7 2 0.11 Gyr
Wi, =777 7 < 0.11 Gyr

13.6 Gyr
/ U, dr = 4.8 x 1073 SN MG;l
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Effect of uncertainty in Type Ia DTD on
chemical eV(__)lution models

=~ 25E

40F Sculptor

LE%: 30E MiN(yey) = 0.3 Gyr _ LZ ?2 :
=0 1 2o E
% 10; _ = 5 _
0E. : - i ]
L e ~ 10 Final mass: 1.2 X 10° Mg 3
2 o5 T 2 i 0 Mo 3
%} 02t E ; 6F star? 3
= 0.0;' —: g 4_ tota _
~ _05E 3 = §_ E
; . = 1.0F .
—.: ] & 08t 3
Eg 0.55 - "é@ 0.6 3
& 00F 1 = 04f E
= 3 ~ D2E :

0.5 I 20

[75]

= i
T
|

= E 3
& O3 1 = |
S 00F 1 X a2t i

. i Fe/H
3 3 [Mg/H] —

|
= oo
o Lh
|

e e
n
e
3

[Ti/Fe]
L o
O
| 1

[Mg/Fe]

—3_.5 Al <85 =90 ~15 ~18 =05 (;.0
[Fe/H]
Kirby et al. 2011, ApJ, 727, 79 20




Type Ia models: SD vs. DD
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Asymptotic giant branch (AGB) stars
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AGB nucleosynthesis

e Major elements: C, N,
Op F, Ne, Na S-process M="”MEUM ¢

e Mass loss up to 70% of
initial mass during

thermal pulses M =0.560 M "IL -
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AGB thermal pulses
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Figure 1. The temporal evolution during the TP-AGB of the temperature
at the base of the convective envelope for 6 M5 Z = 0.0001 models with
R75 (top panel) and VW93 (lower panel) mass loss.

Karakas 2010, MNRAS, 403, 1413




AGB nucleosynthesis
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Z=0.02:
Z=10.001:

AGB delay time distribution
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Neutron-capture nucleosynthesis

http://www.nndc.bnl.gov/nudat2/
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7-process

s-process: adds one neutron

Roederer et al. 2008, ApJ, 675, 723

r-process: adds many neutrons

151 152 153
Eu Eu Eu
100% 95%
144 145 146 147 148 149 150 151 152 153 154
Sm Sm Sm Sm Sm Sm Sm Sm Sm Sm Sm
0% 92%) 0% 86% 0% 75% 100%
143 144 145 146 147 148 149 150 151
Pm Pm Pm Pm Pm Pm Pm Pm Pm
142 143 144 145 146 147 148 149 150
Nd Nd Nd Nd Nd Nd Nd Nd Nd
0% 64% 47% 71% 37% 92% 100%
B-decay




7-process
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