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Core collapse Supernova

* Core of massive star —
collapses to from a hot
— proto-neutron star (black).

* This cools by v emission.

 Intense v flux creates low
density hot bubble region
behind shock.

* This may have relatively
high entropy S but 1s 1t
very neutron rich?

* r-process depends on S,

expansion time scale t,
and electron fraction Y .
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Example: V= 7500 km/s, Ry= 130 km= t,= 35, 1

Electron abundance: Y =Y =1-Y, (p/n-ratio)
For example: Ye=0.45 -> 55% neutrons & 45% protons
Radiation entropy: S__,~ T3/p

Expansion speed V., , wich determines the
process durations 7, and 7, :
R, ,T.
Z-exp =— ( I _1)
V., T;

exp

450 ms

rp=
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~Ps
2 3 T3
0< f(Ty) = 2T9 <1<:>121T—<S<3§ |-
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Atilig =65 o-paiticles.become the dominant constituent of the hot bubble!

Recombination of the a-particles is possible via:

1. and
2. , followed by °Be(a,n) ?C
. . $=250, Ye= 0.45 und V_=4500 km/s
- Charged-particle freeze-out at T, ~ 3 with:
Neutronen
- Dominant part of a-particles ~ 80% a-Teilchen
F-_:: Some heavy nuclei beyond iron (80 <A< 110) -
p—— e
- Probably aitENIGHireEmeons N
"0
—

G Seed composition for a subsequent r-process.

920 & 0 75 7.0 6.5
Temperatur in Einheiten von T
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Seed nuclel afier anie:-rch fieezeout
5=200, V., =7500 xin/s

N

l\

Neutron-rich seed beyond N=50
G difference to ,,classical” r-process with

G avoid N=50 r-process bottle-neck
(37Se, 103Y, 89Br, 84Ge, 95Kr, 7®Ni, ?°Rb below 5%)
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Parameter combinations allowing a subsequent r-process

S (Kg/Baryon)

155 < § < 375
105 € 5 < 340
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Synthesizing the A=130 peak
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Synthesizing the A=195 peak

3
10 EI T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T IE
F . V,=7500 Km/s, Ye=0.45, JEEAAAM K /Baryon s
| E I{ Mass model: ETFSI—Q E|
- gt Process duration: 327 ms .
3 Yo ot yet enough
> § IH [};! §
S 107 E -
- = =
O - ]
()
S 3 E
O — ) -
E m?
_4 n H ]
‘lO TR T L1

100 150 200 250

7 [ms] at freeze out at freeze out

— om0 [ | J0a




Abundance, Y, Y(Si)=10°

10"

10"

Hot bubble parameters: Vm= 7500 km/s. Ya=ﬂ,45
ETFSI-Q, NON-SMOKER rates, ADMC 2003, QRPAI[GT+ff]
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Abundence, Y (Y=X /A, IX=1)

High—Entropy Wind Paremeters: V_= 7600 km/s, Y =045
ETFII—¢, NON—-SHOEKER Ruates, ADMC 2003, GRPA(GT-HT)
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The role of B-delayed neutrons in the r-process at A=130 and 195

ETFSI-Q, NON-SMOKER rates, ADMC 2003, QRPA(GT+ff)
V= 7900 Km/s, Ye= 045, 8= 260 K /Baryon

ETFSI-Q, NON-SMOKER rates, ADMC 2003, QRPA(GT+1f)
V,,= 7500 Km/s, Ye= 045, S= 190 K /Baryon
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Hot bubkle parameters: V“p= 500 km/s, Y =0.49 and 5=230
ETF3I-Q. NON-SMOKER rates, ADMC 2003, QRPA(GT+{f)
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Het bubble parameters: Vnp= T500 km/=, Y =0.489 and 150< 5 =280
ETF3I-Q. NON-SMOKER rates, ADMC 2003, QRPA(GT+{f)
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Summary

~N N
-'.---—------l-. nr

slower fﬁan 4500 km/s. However at hlgher velocities like 7500 km/s —

:—r_thg_m_z_i_ss region beyond A=140 only the peak regions are stil in
~ chemical equilibrium.

 The hydrodynamical simualtions of type Il SNe predict entropies up to 80
and Ye-values between 0.52 and 0.49! Under those conditions it is
impossible to make an r-process. However, wind termination shock
(Munich group) could lead to a sudden increase of the entropy up to
280 kb/baryon!

T — R —
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