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Annu. Rev. Astron. Astrophys. 46:241-88

e Neutron captures drive matter away from stability creating heavier elements thanks to the s-process

& r-process

e s-process produced elements are well known, deducting their abundances from the solar
abundances we end up with the r-process abundances
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Nucleosynthesis in neutron star mergers:
The beginning of multi-messenger era
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Peaks in both Blue and Red exist from the
beginning in the spectrum of the EM signal
indicating:

e AlowY_nucleosynthesis site
component which corresponds to
the red component

e AhighY_nucleosynthesis site that
correspond to the blue component

These 2 different components can be Time: +4.0 days
correlated to different nucleosynthesis
scenarios.
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http://www.youtube.com/watch?v=kZiCKULA2cE
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Ga mass measurements at TRIUMF
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Isotope mass inu mass excess /kev error/kev error AME /keV (AME2016 - Exp) /kev
80 79.93644545 -59201 48 2.9 -23
81 80.93814632 -57616 31 3.3 -12
82 81.9431675 -52939 23 2.4 8
83 82.94711887 -49258 25 2.6 1
84 83.95266441 -44093 26 200.0 5
85 84.95733567 -39742 36 300.0 -108

The results of the mass measurements of Ga 80, 81, 82, 83 are close to AME 2016 results confirming
previous measurements

The results of the mass measurements of Ga 84,85 are confirming the AME2016 extrapolated values
significantly constraining the error bars

We explore the effects of constraining the Ga 84,85 to reaction rate calculations and elemental
abundances calculations
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Calculating reaction rates- The Hauser TECHA SO E
Feshbach statistical model DARMSTADT

Important information:
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Results of reaction rate calculations within 42 ) TECHNISCHE
AME 2016 masses errors DARMSTADT
Reaction Rate vs T (GK) for 84Ga for various channels (nn),(n,9),(n2n),(n,a)
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Results of the nuclear reaction network
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Results of the nuclear reaction network
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Analysis of reaction network

Final & neutron/seed = 1 abundances vs A for y. =0.35
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Analysis of Reaction Network: path of the )\ TecHNische
r-process, flow diagram U5 DARMSTADT

Decay flows for beta, beta n, beta 2n decays for ye35
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Summary - Thanks - References

Summarize:
e \We were able to evaluate the impact of the 84,85 Ga
masses to the r-process abundance pattern

e We identified beta delayed neutron emissions that affect
our calculations during the freeze out

o @1 345

e We reproduced part of the r-process abundance pattern. %@l

Bundesministerium
fir Bildung
und Forschung

o lIdentified where the fine details (local peaks) are
originating from

e Provide constraints for the productions of elements with
A=84 using the newly measured Ga masses
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extral

Core-Collapse Supernova Neutron star merger

Core collapse Supernova?
Neutron star merger?

Or both?
Image credits:NASA-Stephan Rosswog
Conditions (Ye,entropy) No Yes
Yield / Frequency Yes
Observation No Yes

Final abundances are independent of the astrophysical scenarios and only depend on the nuclear
physics inputs
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Analysis of reaction network: path of the
r-process
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https://docs.google.com/file/d/1TVerCAZKPYDeg2nTCdiEUTcFH9b_aF4R/preview
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Calculation of abundances

A reaction Network calculation requires Nuclear -
physics and Astrophysical data input. Data and conditions from from :

Huang, W. J., et al. "The AME2016 atomic mass evaluation (I). Evaluation of
input data; and adjustment procedures." Chinese Physics C 41.3 (2017):
030002.

Nuclear physic inputs contain tabulated data of:

1. Beta decay half !lves ) Audi G, Kondev FG, Wang M, Huang WJ, Naimi S. The NUBASE2016
2. Neutron separatlon energies evaluation of nuclear properties. Chinese Physics C. 2017 Mar;41(3):030001.
3. Neutron capture rates etc.
Cyburt RH, Amthor AM, Ferguson R, Meisel Z, Smith K, Warren S, Heger A,
] . o ] Hoffman RD, Rauscher T, Sakharuk A, Schatz H. The jina reaclib database:
AstrophyS|CaI |nput contains information about: its recent updates and impact on type-i x-ray bursts. The Astrophysical
Journal Supplement Series. 2010 Jun 30;189(1):240.

1. Ye Martin, Dirk, et al. "Neutrino-driven winds in the aftermath of a neutron star
2. Entropy merger: nucleosynthesis and electromagnetic transients." The Astrophysical
3 Temperatures Journal 813.1 (2015): 2.

4. EXpanSion time Lippuner, Jonas, and Luke F. Roberts. "r-Process lanthanide production and

heating rates in kilonovae." The Astrophysical Journal 815.2 (2015): 82.

MF{, ESI
PN SFB.1245

05.07.2018 | SFB1245 | Mainz | Stylianos Nikas | 15



