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r-process sites in compact object mergers

Dynamical ejecta Accretion disk winds -
exact driving mechanism
and neutronrichness varies

SN

Very neutron-
rich cold, tidal
ejecta

Foucart et al (2016) Owen and Blondin (2005)



Possible sources of heavy r-process elements

Collapsar disk Magneto-rotationally Primordial black hole +
winds driven (MHD) supernovae neutron star
Collapsar
SNe |c BL Rate ~ 100 Gpc3 yr

LGRB
,~10-30s

' enfropy
[ ]72

10
|
7.5

Star-consuming
black hole

Time: 0.031446
Credit: APS/Alan Stonebraker, via Physics

Siegel, Barnes, and Mgtzger Winteler et al (2012); Fuller, Kusenko, and Takhistov (2017)
(2018); also McLaughlin and also Mosta et al (2017)
Surman (2005), Miller et al (2019)



Example of astrophysical uncertainties in

r-process sites: neutrino treatments

aligned case ,
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Relative abundances

Merger dynamical ejecta
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FRIB reach in key regions impacting the evolution of r-process abundances
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Connecting nuclear physics, lanthanide
oroduction, and r-process conditions
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Predicted deformation in the
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rare-earths and peak formation

Proton Number Z

120

100

80

60

40

20

100

80

60

40

20

Moller et al (2012)

No kink

X

x
X

X

[ encountered x x

X

175

Surman etal (1997)

0.5 x %

Neutron Separation-Energy Contours @ 1,2,3,4 MeV 20 I I l I
S — 1 T T [ T T T T [ T T T T [ T T T T 3 Introduce kink x (b)
= 4 3 ~1.0 [
= 3 3 <
= T3 331.0
= = =
E E 05 [ X X 3
5 = 5n l | | 1
150 155 160 165 170
§— FRDM(2012) —§ :
- E ot~ 1 A
E oo oo oy ey by 3
= I I I I | I I I I | I I I I | I I I I E
3 4 3
= S 6o
= 2 3 N
= 1 =
3 E g |
= 60},
E 3 o v
= = S
E E g 70» ............
= = §
A
3 E 651
5 FRDM(1992) =
E AN TN N TN N N AN U NN AN TN NN MR TR NN S A E i"'i
0 50 100 150 200 SUgs ;

Neutron Number N 100 110 120 100 110 120

Neutron number N

10.3

Il
o
Bo

Il
e
—_

|
S
—

|
o
bO

j—
S
¢g uoryeuriojop sjodnipent?)

|
o
w

Horowitz et al (2018)



MCMC procedure
f 'LI .
* Monte Carlo mass corrections §10_1§ {Ii A i A‘ ’ N\ !'!
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Results
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Vassh etal (in prep., 2020)



Results
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Peak formation in winds with similar astrophysical conditions

Abundance

A Duflo-Zuker, s/k=30, =70 ms
B s/k=30, =70 ms
s/k=30, T=65,75,80 ms
s/k=35, t=65,70,75,80 ms
® Solar
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Mass Number (A)

102

Orford, Vassh, et al
(Phys. Rev. Lett. 120, 262702, 2018))



Early time

Later time

Peak formation example: hot dynamics
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Peak formation in outflows with distinct astrophysical conditions
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Comparing to the most neutron-rich measurements: Samarium
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What are the heaviest nuclei reached in an
astrophysical scenario?
Possible signatures of actinide production



Actinides in astrophysical

environments?
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Zhu, Wollaeger, Vassh, Surman, Sprouse, Mumpower, Moéller, McLaughlin, Korobkin,
Kawano, Jaffke, Holmbeck, Fryer, Even, Couture, Barnes (ApJL 863,123, 2018)
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Actinides in astrophysical

environments?
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N

The spontaneous fission of 2>4Cf can be a primary contributor to
the nuclear heating affecting NSM light curves at late epochs

This species could make the difference between detection and
no detection of NSMs for the James Webb Space Telescope

Zhu, Wollaeger, Vassh, Surman, Sprouse, Mumpower, Moller, McLaughlin, Korobkin,
Kawano, Jaffke, Holmbeck, Fryer, Even, Couture, Barnes (ApJL 863,123, 2018)

— — —
(@) (@) ()
L1 1
(s}
Abundance

—_

3
—_
[\

—_

=
—_
S

10—16

effective heating rate [erg g'1 s'1]

absolute magnitude [mpg]

—

()
—_
.

T T L .
with sf — ]

without sf --- -

Spitzer: 4.5 um — JWST: 7.7 um — )
l3.6 pum — 1 6'.5 pm
50 100 150 200 250

time [d]



When is 2>4Cf strongly populated?
Heavy element fission barriers in the r process
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Will future rare-isotope beams reach
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Excitation energy dependence:
distinctfission yields for 3-delayed, neutron-induced and spontaneous fission
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Abundance

Abundance

Dependence of lanthanide abundances on fission yields
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Abundance

Abundance

Fission deposition to explain robustness of observed

elemental abundances?
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Fission deposition to explain robustness of observed
elemental abundances?
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Nuclear physics uncertainties impact important open
guestionsin r-process heavy element production

Can mergers account for all the r-process material observed in the galaxy?
Do mergers produce precious metals such as gold in sufficient amounts? Are actinides produced?
At what site(s) and under what conditions does heavy element nucleosynthesis occur?

What determines the relative ratios of lanthanides such as the rare-earth elements?

O O O O



Nuclear physics uncertainties impact important open
guestionsin r-process heavy element production
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