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A r- and sprocess elements recorded in the selstem material
A Constraints from metajpoor stars
Contributions to Galactic chemical evolution
Elements recorded in companion stars in binary systems
A r-process observations
statistics obtained from large sample-ffRocess Alliance: RPA)
origins of rprocess enhanced stars
connection to Galactic halo formation
astrophysical site(s) ofprocess
A Metal-poor stars studied with LAMOST and the Subaru Telesco
Abundance distributions of neutrecapture elements
Extreme CEMRB star
r-rich star with dwarf galaxy origin
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Elementalabundances of

solar-system material
A Abundances of elements heavier thangieup are separated
INto sprocess and-process components usingpsocess models.
A Their abundance patterns are compared with stellar observatior
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Constraints from metalpoor stars
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[br-process by neutron star mergers? Magnetbational supernovae?
s-process by lownass AGB stars would contribute to relatively metal
rich stars




Constraints from metajpoor stars

Contributions of rprocess and

S-process 1o metaboor stars

A Eu isoverabundantin many stars at low metallicity, indicating
that r-process is effective even in early phase of the Galactic
chemical evolution.

A La/Eu (and Ba/Eu), representingpsocess/-process, suggests
that contributions of sprocess increase with increasing

metallicity. .
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Constraints from metajpoor stars

Contributions of Fprocess and

S-process to metaboor stars

A Eu is provided by theprocess. Ba and La is mostly provided by the s
process in lonmass AGB stars at high metallicity, while Ba and La inmetal
poor stars is explained by theorocess.'h[Ba/Eu]=0.7, [La/Eu]=0.5

A Moderately metalpoor (-2<[Fe/H]<1) stars show [Ba/Eu] and [La/Eu]
higher than the #process values.

HAGB contributions even at low metallicity?

Othersources of Ba and La at Iow metaII|C|ty’? Blsterzoet al. (2017)
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Constraints from metapoor stars: binary stars

Interaction between stars in binary systems:
AGB yields witlcarbonand s-processelements

recorded on a companion star
AGB: Asymptotic Giant Branch

AGB star Mass accretion
from AGB

Crich envelope

He shell flash

i H shell burning
i GO core

CEMPs star:
CarbonrEnhanced
Metal-Poor star
with s-process

element excess
8

Faint white dwarf




Constraints from metajpoor stars: binary stars
s-process studies for CarbeBnhanced MetalPoor stars

A The companion star affected by mass accretion from AGB
star Is observed as a CEMPstar.

A Detailed elemental abundances are determined for CENIP
stars, andused to constrain grocess models.

Aoki et al. (2007)
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r-process observations

Statistics studied by Hrocess Alliance (RPA)

The 4 Data Releases report 595 mgtabr stars.

1. Definition of r-Il and kI

stars

r-1l: [Eu/Fe]>0.7 (12%)
r-1 :0.3<[Eu/Fe]<0.7 (39%)
[Ba/Eu]<0

2. Metallicity distribution
r-1l stars have been found in
[Fe/H]<2.5. However,
existence of 4l stars with
higher metallicity([Fe/H]>~2)
was confirmed.
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HEu/H] is as high as solar value (0):

how can this be achieved.

Holmbecket al. (2020)
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r-process observations

r-process site: mergers of binary neutron stars?

A Neutron star mergers (NSMs) are promising site that explain bulk-of r
process elements in the current universe.

A The long timescale expected for NSM is not preferable for enhancement of
Eu at low metallicity.

A However, recent chemalynamical simulations reproduce the Eu
abundance distribution assuming NSMs as thprocess source.

Argastet al. 2004 Hirai et al. (2015)
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r-process observations

The Milky Way Galaxy has been formed from
small stellar systems (mergers of mihalos).
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r-process observations

Discovery of an{processenhanced dwarf

- Jiet al. (2016)
galaxy Retlculum ” Roedereret al. (2016)

A r-1l stars have been formed in small . copin Eu
stellar systems (like a dwarf galaxies), a |
have later accreted into the Milky Way,
forming the halo structures.

A NSM could be the source of theprocess

Jiet al. (2016)
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