The environment of the r-process:
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I- erocess nucleosynthesis

rapid addition of neutrons
explosive site

~ 1022 -= 1028 n cm™3
produced most heavy
elements in the oldest stars
produced about half of heavy
elements found in the Sun
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g SN (from theory):
o 8 ~10-° Mo of r-process material
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el SN (from theory):
s #8 ~10-5 Mo of r-process material

_ W NSM (from theory):
25t 8 ~10-2 Mo of r-process material
1 event per ~1034 SN
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The binary neutron star merger GW170817 produced a kilonova, which is a light
curve powered by the radioactive decay of a few 10-2 Me of r-process elements.
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r-process enhanced stars
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* [Eu/Fe] = log1o(Neu)star — l0g10(Neu)sun — [Fe/H]

(think of this as the level of r-process enhancement in a star)




All stars and background galaxies Stars in the Reticulum Il galaxy only

distance 30 kpc
stellar mass 2600 Me
absolute mag. (My) -2.7
. mass-to-light ratio 500
mean [Fe/H] -2.6
[Fe/H] dispersion ‘0.5

5 arcmin
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50/0 of stars in the Mllky Way halo are r-process enhanced




50/0 of stars in the Mllky Way halo are r-process enhanced

OO/O of stars in Other UFD galaxies are r-process enhanced




50/0 of stars in the Mllky Way halo are r-process enhanced

OO/O of stars in Other UFD galaxies are r-process enhanced

of stars in the are r-process enhanced




Two r-process enhanced UFD galaxies are known:
Reticulum Il
Tucana lll

of known are r-process enhanced

Ret Il: Ji et al., Astrophys. J., 830, 93 (2016); Roederer et al., Astron. J., 151, 82 (2016)
Tuc lll: Hansen et al., Astrophys. J., 838, 44 (2017); Marshall et al., Astrophys. J., subm. (arXiv:1812.01022)
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One event per ~5000 CCSN.

‘. < Produces ~10-2 M of r-process.
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There are 83 F=-process-enhanced stars ([Eu/Fe] > +0.7) known in the Milky Way field.
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* [Eu/Fe] = log1o(Neu)star — l0g10(Neu)sun — [Fe/H]

(think of this as the level of r-process enhancement in a star)




Highly r-process-enhanced stars are not part of the Milky Way disk.
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Observations: each symbol/color Simulations: each cloud of

represents r-process enhanced stars found points represents stars from one
by three clustering methods applied to the disrupted satellite, 10 Gyr later
energy (E) and integrals of motion (Jr, Jo, Jz)
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All candidate groups show a small metallicity dispersion,
even though chemistry played no role in the clustering analysis.
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All candidate groups show a small metallicity dispersion,

even though chemistry played no role in the clustering analysis.
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r-process enhanced stars like this...
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The I-Process enhanced stars have sSmall orbital pericenters (< 8 kpc).

I | I I I I | I I I | | B Group A

10 f— —1 ® GroupB
V Group C

B -1 © GroupD

- | % GroupE

O GroupF

B —0— -1 A Group G
+—.— —— _| € GroupH

o Unassigned

rperi (kPC)

Roederer, Hattori, & Valluri, Astron. J., 156, 179 (2018




The all have orbital pericenters (> 20 kpc).

- T T T T T T T T I T T I T L T T T [ T -
i Leol l
o
- Carll .
—o——
(-
— O | —
O O L i
Q, — -
'x - -
| S - -
E i'itl
-+ I | I%(‘l;lf CVenl |
- i , 1 ¢ ]
D I’ || -
S | Ty ' UMal] T |
"%4 T f_‘ix
% | ('r"nH _CBerl T
. Driali,
8 i 300|I MCQ!‘I .
i Sgrl o
- —— *— -1
egl
[ Tyelll iRt |
b ? 4
- (elongated shape;
tidally disrupting?) i
L L L | | 1 L 1l l 1 L 1 1 L 1 L | l 1
10 100

pericenter [kpc]
Fritz et al., Astron. Astrophys., 619, A103 (2018




HYPOTHESIS: the with small orbital pericenters
became the r-process enhanced field stars of today.
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Highly r-process enhanced stars
(R-Process Alliance, last 2 years)

Highly r-process enhanced stars
(literature, last 25 years)
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4 R-Process Alliance

e environmental dependence of the r-process
® precise r-process occurrence frequencies
e associate element-by-element yield patterns with physics and sites

e chemically tag early Milky Way halo assembly




: a thin, stellar stream discovered recently by Ibata et al. using Gaia DR2.
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