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The oldest, most r-process enhanced (“r-11”) stars are considered
“single-origin” in their neutron-capture elements

DR4: Holmbeck+ (2020)

I ' T T T - T T T T
L Oom r-1I
2.0 . AA 71
- % | O @ limited-r -
T 1.5F O m ©O© non-RPE -
- L d
3] ' 0
C
m —
g =
Q S
° A
Q_ —_
<
Q
o
£
® L
/ LA ey . . " “
R-Process Alliance — chemically simple ("older")

* See talks by Miho Ishigaki,
Ruizjeng Jiang, and Mila Racca
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The oldest, most r-process enhanced (“r-11”) stars are considered
“single-origin” in their neutron-capture elements
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“It can clearly be seen that the abundance pattern for this star
is reproduced by my favorite r-process site”
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The inconvenient truth: stars were likely enriched from
multiple r-process sites...yes, even the metal-poor ones

5r Zr Mo Ru Pd Cd 5n Te Ba Ce Nd 5m Gd Dy Er Ybh Hf D= Pt
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We have observed cases for this!

e.g., high/low r-process components,
multi-enrichment scenarios (M. Ishigaki’s talk),
many others...



We have a sample of 42 stars with r-process patterns that appear to be
described by a baseline component plus a fission component

Point size is proportional to [Eu/Fe]:
(O [Eu/Fe] =+15
O [Eu/Fe]=+10
o [Eu/Fe]=+05
o [Eu/Fe] = +0.
[Eu/Fe] =-0.5
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In favorable site conditions, nuclei fission and deposit material
at lower masses, producing an abundance excess
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In some conditions, nuclei fission and deposit material at

lower masses, producing an abundance excess
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We have a sample of 42 stars with r-process patterns that appear to be
described by a baseline component plus a fission component

Point size is proportional to [Eu/Fe]:
(O [Eu/Fe] =+15
O [Eu/Fe]=+10
o [Eu/Fe]=+05
o [Eu/Fe] = +0.
[Eu/Fe] =-0.5

log ¢ (X/Zr)
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The abundance excess increases with [Eu/Fe]
(r-process enrichment)
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Does this equate to each star being a combination of
fission-capable r-processes and non-fission achieving sites?

r-11
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These stars show at least two distinct patterns

Can we use their patterns to quantify r-process
site/type contribution in stars?



Relative log &(X)

The method: treat each of the 42 abundance patterns as a linear

combination of a basis set of abundance patterns and iterate
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Three components optimally fits all 42 patterns: one each for
the light (Z=38-50) and heavy (Z>52) neutron-capture elements and
one for the whole range (Z=38-78)
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How much each component contributes to each star
as a function of its [Eu/Fe]
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X =Se, Sr, Y, Nb, Mo
(34= Z < 42)
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The third component appears to agree with the enhancement seen by
Roederer+ (2023)...a pure fission-cycling r-process?
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In Summary

It is convenient to treat the r-process abundance patterns of very metal-poor
stars as the individual children of single r-process-hosting events

This work shows an attempt to answer the question posed by Hasen, Montes, and Arcones
(2014): “How many nucleosynthesis processes exist at low metallicity?”

Our answer: as few as three, one of which could be the “pure” fission cycling r-process,
which can/should be used to compare to neutron-rich r-process models

This method can be applied to other populations
to quantify r-process site contribution over
time/metallicity, constrain unknown nuclear
physics (e.g., fission), probe astrophysical
conditions, ...

Aomic Number. 2 Bonus: see Erin Huntzinger’s poster (#146)!
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s-process contamination?
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