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r-process sites

Mergers: NS-NS, BH~ NS

Decompression of cold NS matter

(Lattimer et al 1974, F‘reiburghaus et al 1999, !
Metzger et al 2010)

Hot matter ejec’ced from accretion

Clisk (e.g Surman et al 2008 , Wanajo &
Janka 2012)

SuPemovae

Neutrino-driven winds




Nuclear Phgsics lnl:)ut:

r~process network
(Arcones & Martinez-Pinedo 2011)

Mass model
Neutron caPtures

Photodissociation

Beta clecag S
Alpha clecag

Fission

Beta~clelagecl neutron emission



Beta decay of r-process waiting-point nuclei in a self-consistent approach
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Local: agec’cs the abuncﬂances oxC the region where new rates
are introduced.

Global: affects abundances in other regions.
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Local: agec’cs the abuncﬂances oxC the region where new rates
are introduced.

Global: affects abundances in other regions.




Beta &ecay rates

Old: Peter Moeller 2003 (Finite Range DroP ModelH+QRPA)
New: lvan Borzov 2011 (Densitg Functional TheorngQRPA)




Neutrino-driven wind

§Pherica||g symmetric hgclroclgnamical

51mulation (A. Arcones & H. -Th Janka, L. Scheck (2007))
Progenitor: 15 solar-mass star

Entropy increasecl to obtain a successgul -
PFOCCSS (Arcones & Martinez-Pinedo (2011 )

Entropy # 200 kr/nuc
YH/YSCCCI N 7O
Y.~ 047




Neutrino-driven wind

Hot r~Process: evoiution
takes Piace uncler

(ny) < (yn)

equilibrium. Classical r-
process ( Seeger, Fowler & L

1077 1077 107 1077 107!
Ciagton 1965, Kratz et al 199%) time (s)

density (gcm )

COlCl r-garocess: n-Cca PtU e

temperature (GK)

and B- ecay comPetition
(Blake & Schramm 1976, Wanajo
2007, Janka & Panov 2009) T

time (s)




Neutrino-driven wind: Cold r-process
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Neutrino-driven wind: Cold r-process

T eN=82
Al

:«T 4 No new rates here!
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Neutrino-driven wind, cold r-process, spli’t rates




Neutrino-driven wind, cold r-process, spli’t rates

abundance
abundance

— PM 10-7| — PM
— B82 | — B126

L L |
130 140 150 160 170 180 190 130 140 150 160 170 180

A




Split rates : N=82 region
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SPIi’t rates : N=82 region
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Split rates : N=126 regjon
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Split rates : N=126 regjon
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Cold process: neutrino-driven wind

abundance

| ocal effect : faster flow of
matter

Global effect: changes N
neutron densitg

abundance
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Hot r-process: neutrino-driven wind

B82: smaller abundances in
the 2nd Peak regjon, larger
after that. Shift of the third

F)CiEBLL.

B126: smaller abundances in
the §rc:l Peak region. Minor
global etects.

Beta decag is less important
than Photoclissociation and
neutron captures.

abundance




Neutrino-driven wind : high Y. /Y

Eki(iCJ

Entrop9 250 kﬁ/nuc, cold r-process

P82 very small local and global
impac‘c.

R L SRR Very neutron-rich conditions.
ﬁt~,:4:t;:f:£:::3353£:3&;,/**”~ s =3 (J Iﬁ h

% AR 7 atnh does not reach the new
‘, Y N rates.
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Neutron Star merger

Hgdrodgnamical simulation

(O. Korobkin et al 2012)

YerQ.04
NS-NS

E) 1.4 solar-mass




Neutron star merger
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Neutron star merger

B82

Small local changes.

Initial Path is on the neutron drip line
ancl cloes not Pass bg the new rates.

Fission keeps bringing matter to the
NERYA region making the process faster.
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Neutron star merger

B82
Small local changes.

Initial Path is on the neutron drip line
ancl cloes not Pass bg the new rates.

Fission keeps bringing matter to the
NERYA region making the process
Faster.
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Conclusions

Changes introducecl n beta clecag rates ]’18V€ local ancl global C‘FTCCCtS
on thé ﬁnal abundances OF thé F~PFOC€SS.

Local C‘FFCCJC: imPac’c tl"!C abuncﬂances Wl’1€r€ new rates are USCCI

Global egect: imquences the speecl at Which neutrons are consumed
and the amount of neutrons available cluring clecag to stability.

The strength of the local and %iobal effects depencl on the
t

astrophusical conditions and the rates themselves.
Py

Global ancl local egects are Prcsent regardless OF the astrophgsical
environment.

To do: Theoretical rates

To do: Experimental rates needed




