Recent r-Process Calculations: Eﬂ UNIVERSITY OF
From the “Waiting-Point” Approach NOTRE DAME

to the SNII High-Entropy-Wind Model
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Solar system isotopic abundances, N, g

Observational instrumentation
* meteoric and overall solar abundances

e ground- and satellite-based telescopes
like Imaging Spectrograph (STIS) at
Hubble or HIRES at Keck.
and y-ray satellites like INTEGRAL.
or X-ray observatories CHANDRA and
XMM-Newton.
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« assumption (n.y)<>(y.n) equillibrium
,waiting-point“ concept
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« astrophysical conditions
explosive He-burning in SN-I
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. CALCULATED

; I 2=50 o N=126 n, = 10%4cm-3
é T ,lt: T, = 10 — 100 S
@ ‘it . . .

< L4 - 4] * neutron source:

2INe(a,n) mainly

* nuclear physics:
Qp - Weizsacker mass formula +
empirical corrections (shell,
deformation, pairing)

T, - 1 allowed transition to
excited state, logft = 3.85



already B2FH (Revs. Mod. Phys. 29; 1957) ...still today important r-process

C.D. Coryell (J. Chem. Educ. 38; 1961) properties to be studied experimentally
and theoretically.
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Abundances after §— and a—decays
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... based on ,waiting-point” model

« Observations versus calculations - solar system
- UMP halo stars

« Conditions for ,main* and ,weak"” r-process

» Split between the two r-processes - 1291 (Wasserburg et al.)
- below N=82

 (Un-) importance of fission recycling

e Suggestions on r-process sites

« Galactic chemical evolution

* R-process chronometric pairs - Th/Eu, Th/U
- new: Th/Hf

« Ages of UMP stars, Galaxy and Universe

Kratz et. al. Ap.J. (2007)
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... based on ,waiting-point” model

¢ (5 22892-052
scaled 8.8, r—only
log n, < 23.0

Conditions for

“‘weak” r-process

“main” r-process

Solar system Simmerer et al., 2004
CS 22892-052 Sneden et al., 2003
Atomic Number Calculations Pfeiffer & Kratz, 2005




SO FAR, site-independent parameter study
within classical \Waiting-Point Model

a understand effects of nuclear-physics input on N, ;.

NOW, more realistic r-process model
High-Entropy Wind of SN Il |

“best” nuclear-physics input
full dynamical network

start with a-process
charged-particle freeze-out at T, = 3

= n-rich seed beyond N=50 (®*Kr, 100Gr....)
for subsequent r-process
avoids N=50 “bottle neck” in classical model !

Three main parameters:

electron abundance Yo=Y, =1=-Y,
radiation entropy S ~Tp
expansion speed Ve, = Process durations t, and t,

Farouqi, PhD Mainz (2005)



Vieyy=7500 km/s Y,=0.45
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Isotopic Abundance in the A=130 Area

4 50E.04 122G 124G 126T@ 128Te 130Te 132X @ 134% @ 136X @
’ 121Gp 123G 125T@ 127 129% @ 131X @ 133Cg 13583

3,00E-04

2,50E-04 -

Isotopic Abundance

1,00E-04 / \/

A

0,00E+00 — T T T T T T
120 122 124 126 128 130 132 134 136 138

Mass Number

2,00E-04 - ﬂ
1,50E-04
Y

== \Vithout PN ==@=with Pn_capturing all n ==a=with Pn; capturing only free n ‘

Kratz, Farouqi (2007)



8
:
;
g
i

1,00E-03

1,00E-04

1,00E-05

1,00E-06

1,00E-07

1,00E-08

1,00E-09

1,00E-10

130

210
Entopy, S

—e— Cd
—a— Ag
Pd
——c—In
—— Te (after freezout)




| CS 22892-052

" | HD 115444
) ¥ -
0
0 * | BD +17 3248
E i
e 1 1 cs31082-001
Mg
I A SA HD 221170
a0 40 50 &0 70 gl an

Atomic Number
S r-process rich stars

Same abundance pattern at the upper end and ? at the lower end.
From J. Cowan 2006
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The Ap.J., 627 (2005)

HUBRLE SPACE TELESCOPE OBSERVATIONS OF HEAVY ELEMENTS IN METAL-POOR
GALACTIC HALO STARS
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Relative abundances [Ge/H] displayed as a function [Fe/H]
metallicity for our sample of 11 Galactic halo stars. The arrow
represents the derived upper limit for CS 22892-052. The
dashed line indicates the solar abundance ratio of these
elements: [Ge/H] = [Fe/H], while the solid green line shows
the derived correlation [Ge/H]=[Fe/H]= -0.79. A typical error
is indicated by the cross.

“... the Ge abundances...

track their Fe abundances very well.
An explosive process on iron peak
nuclei (e.g. the a-rich freezeout in
SNe), rather than neutron capture,
appears to have been the dominant
mechanism for this element...”

Correlation between the abundance ratios of [Zr/Fe]

LE (obtained exclusivley with HST STIS) and [Eu/Fe].

v~ ’ The dashed line indicates a direct correlation between
I—I' el s’go g Zr and Eu abundances.
as - | ‘e\(b/ﬁ-} -
£ 000\, i “The Zr abundances also do not vary
i cleanly with Eu abundances, indicating
CHP : a synthesis origin different than that
\ of heavier neutron-capture elements.”
-1 [ [EuFe] 1 2

Correlation between the abundance ratios [Ge/Fe] and
[Eu/Fe]. The dashed line indicates a direct correlation
between Ge and Eu abundances. As in the previous
Figure, the arrow represents the derived upper limit for
CS 22892-052. The solid green line at [Ge/Fe]=-0.79
is a fit to the observed data. A typical error is indicated
by the cross.

Can our HEW model
explain observations 7




ETFSI—Q, NON—SMOKER rates, ADMC 2003, QRPA(GT+ff)

_EHclt bubble parameters: ?“P

7500 km/s, Y _=0.45 and 10< S <300
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Y(Z) as fct. of entropy S
FLEMENT 10<S <50 |50<S <100 |100<S <150[150<S <200 [200<S <250
,oCU 100% 0.1% -- -- --
30ZN 99.2% 0.4% 0.4% 6-10-3 % -~
1@ 3.2% 11% 1.2% --
28O 80% 18% 2.3% 0.3% 0.01%
20Y 61% 37% 1.3% 0.3% 0.02%
‘@ 0.35% 0.01%
4 NDb 0.08% 88% 10% 1.3% 0.03%
;Mo 0.7% 44% 53% 2.7% 0.05%
Q-process , n-rich a- freezeout R
Bdn-recapt., [weak comp.,main comp. r-process

>

uncorrelated with Eu |correlated with Eu Kratz, Farouqi
> - (2007)
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Zr/Eu

2.0 ® o%. . .
o+ Bdn + r-process oo™ Yo
— (HEW model 2007
1.8 | (6w model 2007 N
1.6 -

7r-process (Travaglio et al. 2004)

14 7r-process (Arlandini et al. 1999)
—
1 2 | r-process (HEW model 2007) _

[EU/H] L. I. Mashonkina, private communication (2007)

»Prediction of HEW pure r-process agrees with Arlandini et al. ,r-residuals®.
»Prediction of Travaglio et al. represents the contributions of the
r-residuals + an additional primary process (LEPP), as observed in CS 22892-052.
»Prediction of total HEW (a+pdn+r) represents the maximum Zr/Eu ratio, as observed
in HD 122563.

a

N, ¢ in the Zr-region is a , mixture® of different LEPP fractions per SN




» The site-independent ,waiting-point model® has been a useful working-horse
until yesterday.

»Today
- within the ,HEW SNII scenarios®, the full production of the N, ¢ distribution is
possible within 500ms and S, =280 kg/Baryon;
- under these conditions, fission recycling is of minor importance;
- the mass split between ,weak” and ,main® r-process occurs below the N=82,
A=130 N, o peak;
- the HEW model quantitatively predicts all UMP halo-star observations;

- the solar ,r-residuals” are a superposition of 4 distinct nucleosynthesis
components;

- the two low-S components (o and dn) are not tightly correlated with the
,main“ r-process.

»Tomorrow,
coupling of the (still parameterized) HEW network to hydrodynamical SNII
model calculations.
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