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Th

Fe

The r-process produces the heaviest observable elements, 
including the actinides, thorium and uranium

PR
IS

M
 (S

pr
ou

se
 &

 M
um

po
w

er
)

1



Pr
ic

e 
&

 R
os

sw
og

(2
00

6)

2



Evolve and eject material

Enriches the inter- .
stellar medium

Star-forming gas
New generation
of stars is born
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stellar medium

Star-forming gas
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Metal-poor, 
“r- stars”
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NSM Details 7
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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

––– Solar System r-process abundances
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––– Solar System r-process abundances
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Elemental variations exist between the abundance patterns of 
metal-poor stars

10* “limited-r”



Hypothesis

The actinide and limited-r abundances differences are 
signatures of physically different NS-NS binaries
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The moderate neutron-richness of the disk wind ejecta and the extreme 
neutron-richness of the dynamical ejecta produce characteristic abundances

Wind:
moderately n-rich 

(Ye ~ 0.2-0.4)

Dynamical:
very n-rich
(Ye < 0.2)



Are the variations in metal-poor stars reflective of different 
merger conditions?

––– Solar System r-process abundances
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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
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The total disk wind outflow mass primarily depends on the total
binary mass (M1+M2)
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See also: Radice+ (2018), Dietrich+ (2020), 
Krueger & Foucart (2020) 17



The total dynamical ejecta mass depends sensitively on the binary 
mass ratio (q = M2/M1)
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The state so far: the ejecta masses can be described by the binary 
masses (and an EOS)

M1, M2, EOS

Disk Wind 
Mass (mdisk)

Dynamical Ejecta 
Mass (mdyn)
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If we want the total elemental yields, we need to know something 
about the compositions of these two components

M1, M2, EOS

Disk Wind 
Mass (mdisk)

Disk 
Yields

Dynamical Ejecta 
Mass (mdyn)Composition? Composition?

Dynamical 
Yields
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The disk wind composition depends on the remnant lifetime.
The longer-lived the remnant, the higher the ⟨Ye⟩
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The remnant lifetime leaves a signature on the abundances of the 
ejected r-process elements
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M1, M2, EOS

Disk 
Yields

The state so far: the disk wind composition depends on the 
remnant lifetime

Composition?

Remnant 
Lifetime (!)

Disk Wind 
Composition

Disk Wind 
Mass (mdisk)

Dynamical Ejecta 
Mass (mdyn)

Dynamical 
Yields
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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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M1, M2, EOS

Disk 
Yields

Composition?

Remnant 
Lifetime (!)

Disk Wind 
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Disk Wind 
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Dynamical Ejecta 
Mass (mdyn)

Dynamical 
Yields

The state so far: the disk wind composition can also be related to 
the binary parameters and an EOS
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M1, M2, EOS

Remnant 
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Disk Wind 
Composition

Disk Wind 
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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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Total
Abundances

M1, M2, EOS

Remnant 
Lifetime (!)

Disk Wind 
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Disk Wind 
Mass (mdisk)

Disk 
Yields

Dynamical 
Yields

Dynamical Ejecta 
Mass (mdyn)

Dynamical Ejecta 
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From a selection of M1, M2, and EOS, we can find the total r-process 
yields from an NSM event
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M1, M2, EOS
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From a selection of M1, M2, and EOS, 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



M1, M2, EOS

How do we solve for M1 and M2 from observed abundances?
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M1, M2, EOS
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MCMC

Wrap entire framework in an MCMC method to find a posterior
distribution of M1 and M2 solutions

31



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?



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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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
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How do the (weighted) mass distributions compare to existing NS binaries?



This method is model-dependent

How does it hold up to variations?
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40

Compositional variations: very sensitive 
to disk wind Ye

original

variation to disk wind

variation to dynamical ejecta



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

Outflow composition is essential

Future EOS constraints...?
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