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The r-process produces the heaviest observable elements,
Including the actinides, thorium and uranium
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Price & Rosswog (2006)

NSMs are one confirmed r-

Drocess site




Star-forming gas

New generation
of stars is born

Enriches the inter- \=. < 5"
stellar medium '~ .

Evolve and eject material



Star-forming gas
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What can we learn about NSMs
from metal-poor stars?




Elemental variations exist between the abundance patterns of
metal-poor stars
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Elemental variations exist between the abundance patterns of
metal-poor stars
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Hypothesis

The actinide and limited-r abundances differences are
signatures of physically different NS-NS binaries




The moderate neutron-richness of the disk wind ejecta and the extreme
neutron-richness of the dynamical ejecta produce characteristic abundances
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Wind:
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Are the variations in metal-poor stars reflective of different
merger conditions?
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Project Goal

Reconstruct the masses of the NSs that merged to produce the
elements in metal-poor stars from their r-process abundance patterns




(How) Can these ejecta components be parameterized
in terms of the binary properties?




Hydrodynamical simulations have been run for a variety of merger

conditions and EOSs

16

® Bauswein+13

Hotokezaka+13

% Radice+18

disk ejecta
GW170817

V¥V Sekiguchi+16

102

ejectamass [Mg)

wOO..UI.h

e

.vOO..UIH

.vOO..UE

10 0.05 0.10 0.15 0.20 0.25 0.30

4 . = < .wOO..UI.N.
vOO..UI.h
.v~.0..$<m

9

8
R[Mo)]

0.4 1

w~o..2<m
:o..2<m
:o..zqm
uwo..E«‘m
u~o..2<m
moo..sqm
<,moc..2<m
wmoc..s\qm

[0] Ay00[A BY0al0

s0evocesssce
eeccccceceee

9ISy SL00:1yg

74 00:wyg
moco..s\qm
mmoo..s\qm
omoo..s\qm
bH mvoo..s\qm
ovoo..E«\m
73 oo..s:\m

€z M
Dizo 0600y

29
ON3

mmoo..s\«‘m
omoofqm
mwoo..E«\m
0T00: g

WQOOS\G\Q
NOOO..S:\Q

(6107) 19bZ1317 (8T0T) +Ud14131Q

(£1027) 21n8[N % yoaiQ




The total disk wind outflow mass primarily depends on the total
binary mass (M;+M,)
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The total dynamical ejecta mass depends sensitively on the binary
mass ratio (g = M,/M,)
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The state so far: the ejecta masses can be described by the binary
masses (and an EQS)
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If we want the total elemental yields, we need to know something
about the compositions of these two components

/ M,, M,, EOS /
I
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Disk Wind Dynamical Ejecta
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The disk wind composition depends on the remnant lifetime.
The longer-lived the remnant, the higher the (Y,)
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The remnant lifetime leaves a signature on the abundances of the
ejected r-process elements
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The state so far: the disk wind composition depends on the
remnant lifetime

/ M, M,, EOS /
I
Remnant j, l
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The remnant lifetime before collapse into a black hole (if at all) also

depends on the NS masses
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The state so far: the disk wind composition can also be related to
the binary parameters and an EOS
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The state so far: the disk wind composition can also be related to
the binary parameters and an EOS

Korobkin+ (2012)
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)

From a selection of M, M,,and EQS, we can find the total r-process
yields from an NSM event
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From a selection of M, M,,and EQS, we can find the total r-process
yields from an NSM event
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Project Goal

Reconstruct the masses of the NSs that merged to produce the
elements in metal-poor stars from their r-process abundance patterns




@ How do we solve for M; and M, from observed abundances?
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Wrap entire framework in an MCMC method to find a posterior
distribution of M; and M, solutions
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Use stars with measured Zr, Dy, and Th as input with a range of
enhancement levels
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Results

Reconstructed the masses of the NSs that merged to produce
all r-process elements (Zr—Th) in these stars

How do these masses compare to present-day NS-NS systems?




];g[ MCMC run for each stellar input to produce the possible combinations of NS
masses that could produce the abundances in their NSM ejecta
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M

stiffest EOS

M,

(M
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Results for different EOSs generally agree that more r-process
enhancement — more mass-asymmetric NSMs
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Are NSMs the dominant source of r-process
material in all metal-poor r-stars?




Need to weigh our results to determine in NSMs could be a

dominant r-process source for metal-poor r-stars

known r-stars
1 this sample
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This method is model-dependent

How does it hold up to variations?
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Summary

NS binary masses have important effects on
r-process nucleosynthesis in NSMs

Elemental abundance patterns of metal-poor stars
could be sensitive to the binary properties

A majority of the r-process elements from Zr to Th can be reproduced
with NSMs similar to existing NS-NS in the Galaxy

: : e
Outflow composition is essential K @
Future EOS constraints...? ""0'
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